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Science and the post-war world. 


ie United Nations have declared their resolution 
Breate an enduring peace. Success in this high 
pive will depend to an important degree upon 
Badoption of the scientific attitude of mind— 
f is, to put it bluntly, upon the adoption of 
ats of thought and action still foreign to a large 
& of the population. People will be ready 
igh to accept the practical results of science— 
haps to praise it for the material advantages 
ings, and certainly to blame it for any real 
fancied shortcomings. They will buy from the 
intific shop-window and shelves, because that 
iitractive and easy. It is harder to acquire a 
vision. Yet it is the new vision that matters. 
Phave seen the fruits of the old. 
fo some of the difficulties that retard a 
eral appreciation of the nature of science, and 
Bequently a wider adoption of its methods and 
ok, reference has already been made in 
DEAVOUR. There is, however, a further diffi- 
fy which, since it has an unmistakable bearing 
im future harmonious development, deserves 
bus consideration. This is the false and mis- 
‘ous idea, frequently expressed and still more 
tacitly held, that science is something 
fical,. or at best indifferent, to the philo- 
ical ‘values’ which in varying degrees repre- 
f man’s epitomized estimate of the worth- 
in life. Though it would seem plainly 
urd to maintain that any product of the human 
lect could thus be isolated, there is no doubt 
F science is commonly regarded as possessed 
Pnon-human, even inhuman, frigidity which 
ply differentiates it from other experience— 
ily scientific’ has become a cliché. Such an 
lion, widespread though it now is, is of com- 
tively recent origin. As Mr. Ian Rawlins 
fates in his article in the present issue, it was 
int from classical Greek thought, where the 
rand sciences reached an intimacy in which 


each partner was willing to contribute what it 
could to the common culture; and it would 
scarcely have occurred to Newton or to his suc- 
cessors of the eighteenth century—one of whom, 
Priestley, goes indeed so far as to classify the 
pleasures derivable from scientific investigation as 
but one degree removed from those of sense. 

Historically, the basis for the judgment of 
science as something cold and impersonal, sui 
generis, to be used for material gain but also to be 
mistrusted or contemned, is to be found in the 
enormous scientific advances of the nineteenth 
century, with their often squalid commercial 
accompaniments, and in the over-confidence of 
many scientists, which provoked a natural re- 
action. Science was held responsible for undesir- 
able economic and political phenomena which 
it had undeniably rendered possible, nor was it 
forgiven for bringing about the overthrow of 
cherished superstitions. The controversies of that 
time now seem stale, flat, and unprofitable; 
but from them there emerged the fiction of the 
‘non-humanity’ of science which scientists, anxious 
no doubt to leave the lists for the laboratory, 
accepted as a modus vivendi. The fiction has now 
become so firmly entrenched among the general 
public as almost to be accepted as axiomatic; 
and though no scientist would subscribe to it, 
few but a handful of mathematical philosophers 
have made efforts to combat it. 

It may require an Eddington or a Whitehead 
to grapple with the fundamentals of the situation, 
but all scientists, and especially those who teach 
others, can make their contribution: first by the 
disavowal of extravagant claims and second by 
vigorous insistence upon legitimate ones. Science, 
for instance, does not pretend to reveal ‘eternal 
verities,’ but it does provide an ever-increasing 
store of substantiated and communicable know- 
ledge. And science is as intimately concerned 
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with the philosophical values as is any other off- 
shoot of the human mind: it is simply another 
facet of the same crystal. Admittedly the concern 
of science is most obviously with truth, for ‘the 
truth, the whole truth, and nothing but the truth’ 
is an aim more unswervingly pursued and more 
frequently attained in laboratories than in courts 
of justice. But while critics may admit scientific 
honesty of thought, they deny to science any 
emotional value; and it is here that the difficulty 
lies. For if science continues to be regarded as 
merely a soulless search for verifiable knowledge, 
it can never form a warm inspiration for the 
community as a whole, or even win its confidence. 
There will, in short, be a lack of harmony between 
the body scientific and the public—a condition 
of affairs long apparent, and one which will 
inevitably deteriorate with increasing complexity 
of scientific progress unless measures are taken to 
check and overcome it. 

Scientists who are also musicians—and it is 
significant that musical appreciation and execu- 
tion are very frequently coupled with scientific 
ability—know that the Fifth Symphony is as much 
a triumph of scientific method as of art; and that 
conversely great scientific achievements such as 
the Principia are also artistic masterpieces, infused 


with a kindred inspiration. Unfortunately, while 
appreciation of the scientific aspects of music and 
painting is unnecessary to the reception of their 
emotional appeal, or at least to the reception of 
much of this appeal, the artistry of science cannot 
awaken a similar response in the untutored mind, 
That is the core of the problem—a hard core, but 
hot irresolvable. The non-scientific public wil 
never be able fully to understand the technical 
background of science, but with proper guidanee 
and instruction they could be brought to under. 
stand that science is no Ishmael. With that com. 
prehension would come a trust in science of good 
hope for the world. As long as men mistrust or 
misprize science, or regard it simply as a modem 
miracle-monger, they will not allow it to exercise 
its full beneficence. When they feel that heres 
no stranger in their midst, that Bohr and Einstein 
are fellow-artists with Bach and Botticelli, that in 
fact science, in spite of the ordered restraint 
characteristic of its method, is suffused with human 
imagination and aspiration, then we shall havea 
promising guarantee of enduring peace; for with 
the opportunity that such sympathetic insight 
would provide, science could amply ensure 
‘freedom from want’ and could go far to ensure 
‘freedom from fear.’ 
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LAVOISIER AND CONTEMPORARY 
BRITISH CHEMISTRY 

From Douglas McKie, Ph.D., D.Sc. 
In other times than these, the bicen- 
tenary on 26th August next of the birth 
of Lavoisier would no doubt have been 
widely celebrated. Here in Britain, 
even in the grim shadow of war, we 
may recall on this occasion the part 
played by our fellow-countrymen in 
the chemical revolution effected by the 
imaginative genius of one of the 
greatest sons of France. 

When Lavoisier began his work on 
combustion in 1772-73, he recorded 
his indebtedness to Black, Priestley, 


and Cavendish, among others; and he 
noted that the ‘air’ contained in bodies 
had not been studied by French 
chemists. ‘The French chemists alone,’ 
he wrote, ‘seem not to take any part in 
these important inquiries.’ Oddly 
enough, after Lavoisier’s work was 
completed, Fourcroy spoke of the new 
theory as ‘la théorie des chimistes 
francais,’ which drew from Lavoisier 
the indignant protest: ‘Cette théorie 
n’est pas, comme je l’entends dire, celle 
des chimistes francais, elle est la 
mienne: c’est une propriété que je 
réclame auprés de mes contemporains 
et de la postérité.’ Historians have 
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always admitted the justice of thi 
claim. 

Lavoisier first repeated Black’s & 
periments on the mild alkalis an 
wondered whether the ‘air’ that wa 
active in the calcination of metals wa 
Black’s ‘fixed air.’ Late in 1774 Priest 
ley gave him the clue to the whok 
problem by telling him of the curiow 
properties of the ‘air’ that he had 
obtained from mercurius calcinatus pas 
and from red lead. Thereafter, Lavdl 
sier was led on from Priestley’s exper: 
ments to the new theory of combustid®, 
respiration, and calcination, which le 
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Enzymes and their mode of action 
Is QUASTEL 





During the last few years there has been considerable progress in the investigation of those 
complex, and for long mysterious, biological catalysts known as enzymes. One of the 
foremost authorities in this field, Dr J. H. Quastel, here offers a review of some of the prin- 
cipal recent discoveries relating to the constitution of enzymes and how they work. 





Enzymes are indispensable for the changes pro- 
ceeding in the living cell. Without them matter 
would be lifeless. No process associated with 
cellular activity, whether it be the growth and 
proliferation of the lowliest of organisms or the 
functioning of the most highly organized of living 
structures, such as the central nervous system, 
can be imagined taking place without the partici- 
pation of enzymic reactions. In death, enzymes 
are as active as in life, though their organization 
is completely altered. The autolytic changes 
occurring in the cell, which through unfavourable 
environmental circumstances can no longer sur- 
vive and proliferate, are controlled by enzymes 
which themselves ultimately break down and lose 
their activities. No aspect of the chemistry of 
living matter, whether it refers to such diverse 
phenomena as the luminescence of bacteria, the 
bacterial fixation of atmospheric nitrogen, the 
breakdown of cellulose in the animal gut, the 
decomposition of proteins, fatty acids, and sugars 
in all living tissues, the building up of hormones, 
and the synthesis of vitamins in the plant or in 
the body, may be regarded as complete without 
due regard to the controlling influence of enzymes. 

Intensive investigation into the mechanism of 
formation of common biological products such as 
alcohol and lactic acid has revealed complex 
systems of chemical operations each of which is 
characterized by the controlling activity of a 
specific cell catalyst or enzyme. It is this control 
of an endless variety of chemical changes by, for 
the most part, highly specific cell agencies, which 
forms the distinguishing feature of the course of 
biochemical events. 

Owing to the diversity of the chemical opera- 
tions involved in the breakdown of a molecule 
like glucose, which is attacked by so very many 
types of living cell (bacteria, animal and plant 
tissues), and to the fact that. different cells have 
different sets of enzymic equipments, the products 
of breakdown of glucose, for example, vary enor- 
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mously. It may be converted into lactic acid, or 
alcohol, or fumaric acid, or citric acid, or acetone, 
or starch, etc., according to the biological condi- 
tions or to the types of cell involved. These pro- 
cesses are pointers to the various types of enzymic 
agencies which, for the most part, are indispens- 
able for the life of the cells accomplishing the 
processes. The enzymic processes indicate the 
nature of the constitutions of these cells, but much 
further work will be required to ascertain what 
parts the enzymes in question play in maintaining 
the lives of the cells themselves. 


CONSTITUTION OF ENZYMES 

Enzymes are colloidal organic catalysts synthe- 
sized, so far, only in the living cell. Most early 
workers considered enzymes to be proteins, with- 
out any direct evidence in support of their view. 
Willstatter’s work on enzyme purification showed 
how impure were early preparations of enzymes, 
but his most active preparations were still very 
dilute and gave negative tests for proteins and 
carbohydrates. This led to the conclusion that his 
purified enzymes were neither proteins nor carbo- 
hydrates—a conclusion quite unjustified, since 
there was no means of ascertaining the actual 
activity of the enzymes. Northrop has pointed 
out that bacteriophage, which brings about lysis 
of certain bacterial cells (though it is not regarded 
as an enzyme in the usual sense of the word), will 
show its activity in a solution containing about 
10-15 gm. per millilitre, ie. one part in one 
thousand million million parts of water. This 
solution, of course, would not respond to any of 
the known tests for chemical compounds, and 
erroneous conclusions might be deduced from 
such negative evidence. 

Recently, however, many enzymes have been 
obtained in a crystalline state, for example urease 
(Sumner, 1926), pepsin (Northrop, 1930), trypsin 
(Northrop and Kunitz, 1932), carboxypeptidase 
(Anson, 1935), amylase, papain, and lysozyme. 
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Enzymes involved in oxidative processes have also 
been crystallized, e.g. ‘yellow’ respiratory enzyme 
(Warburg, 1938), catalase (Sumner and Dounce, 
. 1937), and lactic dehydrogenase (Straub). 

In all cases examined so far the purified crystal- 
line enzymes have proved to have the properties 
of proteins. The molecular weights of a number 
of these enzymes have been ascertained by the 
methods now in vogue for the study of proteins. 
Some of the results obtained are shown in Table 1, 
which also indicates the molecular weights of 
proteins having no known enzymic action. Most 
of the evidence points to enzymes having struc- 
tures allied to, if not identical with, the proteins. 
As will be shown later, the catalytic activities of 
many enzymes depend not only on the chemical 
make-up of the proteins but on the constitution 


TABLE I 
MOLECULAR WEIGHTS OF PROTEINS 
Catalase 
Urease 
Pepsin — 


250,000 

480,000 

.. 35,000 
(possibly 70,000) 


Trypsin 
Bacteriophage 


. 34,000 
. about 500,000 
(higher values also obtained) 
‘ .. 1,000 
17,000 
68,000 
70,000 
167,000 
630,000 


Insulin ‘ 
Lactalbumin és 
Haemoglobin (horse) 
Serum albumin (horse) .. 
Serum globulin (horse) .. 
Thymoglobulin (pig) 
Anti-pneumococcus 
serum globulin (man) .. 
Anti-pneumococcus 
serum globulin (rabbit) 
Anti-pneumococcus 
* serum globulin (horse) 


195,000 
157,000 


920,000 


of certain substances, of relatively low molecular 
weights and often termed prosthetic groups, which 
combine specifically with the proteins. Other 
enzymes, however, notably the hydrolytic en- 
zymes, have no known prosthetic groups, and 
presumably their activities are conferred solely by 
the special arrangement of the amino-acids in the 
proteins. We are quite unaware of the nature of 
this arrangement, which may not, however, defy 
investigation for very long, since it is possible to 
prepare proteins which are very closely allied 
chemically to the active enzymes but which are 
catalytically inert. Only small chemical changes 
may be involved in the transformation of an 
active protein into an inactive one and vice versa. 
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REVERSIBILITY OF ENZYME ACTION 

A most important property of an enzyme 5 
that it can secure reversibility of the reaction 
which it controls. A hydrolytic enzyme will no 
only split a substance into products by the addi. 
tion of the elements of water, but is capable of 
building up the substance from these products 
with the elimination of water. It is doubtless this 
property of an enzyme which is partly responsible 
for the synthetic operations of the cell, and there. 
fore ultimately for growth and proliferation. The 
reversibility of action of such hydrolytic enzyme 
as maltase, emulsin, and urease is well known 
It is possible to show that enzymes—oxidizing a 
well as hydrolytic—may act as perfect catalysts, 

In presence of the enzyme succinic dehydro. 
genase, which is widespread and important in 
cellular respiration, the succinate ion is oxidized 
by certain dyestuffs to fumarate. The latter ion 
is reduced to.succinate in presence of the same 


‘ enzyme by the leuco dyestuffs. An equilibrium 


between the reacting substances is established by 
means of the enzyme according to the following 
equation: 


CH,;-COO- CH-COO- 
+D = | 
CH:COO- 


fumarate 


| + DH, 
CH,-COO- 


succinate dyestuff reduced dye 


(e.g. methylene (e.g. leuco- 

blue) methylene 
blue) 
The equilibrium point, which was shown to be 
independent of the amount of enzyme employed, 
was first determined colorimetrically in presence 
of a suspension of bacteria, and was in fact the 
first of its kind to be established with oxidizing 
enzymes. It was soon discovered that the same 
equilibrium was established by the enzyme ob 
tained from entirely different biological sources, 
potentiometric measurements being made in these 
cases. Finally it was demonstrated that the equi- 
librium point was exactly that which could be 
predicted from the thermochemical data of the 
energy changes involved in the conversion of 
succinic acid into fumaric acid and hydrogen 
ions. Table 2 shows how the free energy changes 
calculated from the experimental data obtained 
with different preparations of the enzyme agree 
with those calculated from thermal data only. 
The agreement between the experimental valués, 
obtained under widely different biological con- 
ditions, is extraordinarily good, and proves that 
succinic dehydrogenase, the enzyme controlling 
the reaction, acts as a perfect catalyst. 
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TABLE 2 








Succinate= + Dyestuff — Fumarate= + Leuco dyestuff 








Thermal data: 
Succinate = — Fumarate= + 2H* + 2 (e). 
— AF! = — 20,450 calories (25° C) 
Experimental data: 





| — AF (25° C) calculated 
Method used | from observed 
Equilibrium Point 


Source of Enzyme | 











| 
Suspension of | 


bacteria (B. coli) | Colorimetric | — 20,180 
Horse skeletal 

muscle .. | Colorimetric — 19,140 
Horse skeletal 

muscle .. ..| Potentiometric | — 20,100 
Beef heart ..| Potentiometric — 20,140 


Beef diaphragm. .| Potentiometric | — 20,140 











Other reactions involving fumarate, and gov- 

erned by separate enzymes, are: 
aspartase 
l-aspartate =—=— fumarate + NH, 
Sumarase 
l-malate === fumarate + H,O 

The free energy changes calculated from the 
experimentally determined equilibrium points 
agree with those predicted from the thermal data. 

These reactions afford examples of the aetivities 
of three distinct enzymes—succinic dehydro- 
genase, aspartase, and fumarase—all acting on a 
common substrate, viz. fumarate. Even mole- 
cular hydrogen is attacked in different ways by 
different enzymes. Thus the bacterial enzyme 
hydrogenlyase controls the following reversible 
reaction: H,+CO,—H°COOH, whilst the 
enzyme hydrogenase, also found in bacteria, 
catalyses the reaction H, = 2H* + 2 (e). Many 
enzymic reactions proceed so far in one direction 
that the reverse reaction appears not to take 
place. Cases in point are the breakdown of hydro- 
gen peroxide to oxygen and water by catalase 
and the oxidation of acetaldehyde to acetic acid 
by aldehyde oxidase. 





SPECIFICITY OF ENZYME ACTION 
Enzyme action varies from an apparently abso- 
lute specificity to what may be termed a group 
specificity, where a whole series of molecules 








1 AF expresses a free energy change and is a measure of the 
Maximum external work accomplished under isothermal con- 
ditions by a reversible process in passing from its initial to its 
equilibrium stage. 
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belonging to a defined chemical group is attacked 
by one enzyme. For example, the enzyme formic 
dehydrogenase acts (so far as is known) only upon 
formic acid, catalysing its oxidation to carbon 
dioxide and water. This is absolute specificity; 
yet since the enzyme acts as a catalyst it should 
be capable of accomplishing the reverse reaction, 
i.e. the reduction of carbon dioxide to formic 
acid. This has not yet been demonstrated, and 
the enzyme is distinct from hydrogenlyase, which 
accomplishes the reduction of carbon dioxide to 
formic acid by molecular hydrogen. Choline de- 
hydrogenase, another oxidizing enzyme, has a 
restricted field of action, for it will bring about 
the oxidation of choline,* N(CH) ,,>CH,°CH,°OH, 
and of arsenocholine, t As(CH;) ,°CH,*CH,°OH, 
the corresponding aldehydes being formed; but 
it will not act on colamine, NH,*CH,°CH,°OH, 
or on ethyl alcohol, CH,-CH,-OH. It is the 
exception, however, rather than the rule, for the 
activity of an enzyme to be restricted to one or 
two substrates. Sulphatase brings about the hy- 
drolysis of a large variety of sulphuric acid esters, 
including those of phenols, naphthols, and di- 
phenols. But the sulphuric acid esters of alkyls, 
borneol, and mandelic acid are not attacked. 
The many enzymes which hydrolyse proteins, 
polypeptides and dipeptides have each limited 
fields of attack. Thus a proteolytic enzyme named 
amino-peptidase requires the presence in its sub- 
stratenotonly of the peptide linkage -CO—NH— 
which is hydrolysed, but of an amino group in 
close proximity to the linkage. Again, another 
enzyme termed carboxypeptidase requires in the 
substrate a carboxyl group in addition to the 
peptide bond which is attacked. When proteinases 
hydrolyse, or synthesize, a peptide bond, they 
require, near the point of action, another peptide 
bond. In fact, the class of enzymes comprising 
the aminopeptidases and carboxypeptidases acts 
upon terminal peptide bonds in a polypeptide; 
hence Bergmann has called them exopeptidases. 
The other class of enzymes, containing the well- 
known enzymes trypsin and pepsin, attacks cen- 
trally located peptide bonds (as well as terminal 
ones) ; they have been called endopeptidases. The 
study of the specificity of proteolytic enzymes is 
exceedingly complicated, for proteins and mix- 
tures of protein degradation products are com- 
monly used as substrates. In such systems 
synthetic reactions as well as hydrolytic reactions 
may take place and, as Bergmann points out, may 
give a misleading picture of the specificities of the 
enzymes involved. 
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Most of the well-known enzymes show re- 
stricted fields of activity: thus carboxylase attacks 
a number of molecules of the type RR’CH-CO- 
COOH, liberating carbon dioxide and the cor- 
responding aldehyde; glyoxalase converts mole- 
cules of the type R*-CO-CHO into the corre- 
sponding acids ReCHOH-COOH by the addition 
of water; choline esterase hydrolyses many esters 
of choline but will not hydrolyse the esters of fatty 
acids; amine oxidase, an oxidizing enzyme, attacks 
amines R-CH,*NH, to form R-CHO and NH;,, 
but whereas it acts vigorously on such amines as 
tyramine and isoamylamine, it will not attack 
methylamine or ethylamine; and diamine oxidase, 
another oxidizing enzyme, attacks amines con- 
taining two strongly basic groups, ammonia being 
liberated, but is distinct from amine. oxidase or 
amino-acid oxidase. Examples like these may be 
multiplied. All lead to the conclusions that a 
general feature of enzyme action is its restriction 
of activity to the presence of a particular type of 
molecular structure in the substrate, and that 
molecules having this type may be attacked at 
widely differing velocities. This restriction of the 
activity of any enzyme to a group of molecules 
points to the presence in the group of a common 
structure necessary for the combination of sub- 
strate and enzyme. 


COMBINATION OF ENZYME WITH 
SUBSTRATE 

It is generally assumed that the first step in 
enzyme catalysis is the formation between enzyme 
and substrate of a compound which, after a 
definite time-interval, decomposes to form the 
reaction products and the original enzyme. The 
place of combination with the enzyme is left 
vacant until another substrate molecule enters the 
sphere of action, when the cycle of combination 
and decomposition takes place again. It is useful 
to accept this view of compound formation and 
breakdown not only because the kinetics of 
enzymic change can be interpreted on this basis, 
but because there is good evidence that com- 
pounds between enzyme and substrate do in 
reality exist. An example of such evidence comes 
from the facts concerning the protection, by 
substrates, of their enzymes from inactivation by 
heat and other agencies. Thus invertase is less 
sensitive to the inactivating action of heat in 
presence of its substrate, sucrose. Fumarase is 
completely protected by its substrates, fumarate 
and /-malate, from the poisoning action of very 
small quantities of dyestuffs belonging to the 


Congo Red series. Since neither of these substrates: 
combines with the dyestuffs, it follows that their 
effects are exerted by combination with the 


enzyme itself, thereby masking the groups which 
would otherwise combine with the dyes. A similar 
phenomenon occurs with urease, whose substrate, 
urea, protects the enzyme from inactivation 
by many dyestuffs. Succinic dehydrogenase ig 
also protected by its substrate, succinate, from 
the inactivating action of oxidized glutathione, 
Other evidence for the formation of complexes 
between enzyme and substrate comes from spec 
troscopic observations on the colour changes 
which take place under certain conditions when 
union occurs between catalase or peroxidase and 
hydrogen peroxide. 


ATTACHMENT-GROUPINGS IN THE 
SUBSTRATE 


Not only the substrates of an enzyme combine 
reversibly with the enzyme. Molecules similar in 
structure to the substrate may also combine with 
the enzyme, although they do not undergo any 
subsequent chemical change. Such substances, 
when mixed with the substrate, compete with it 
for the enzyme and reduce its effective concentra- 
tion. For example, in the case of succinic de- 
hydrogenase the following molecules compete 
with succinic acid for the enzyme: COOH:CHy 
COOH (malonic acid), COOH-’CH,°CH,°CHy 
COOH (glutaric acid), and COOH-CH(CH;): 
CH,°COOH (methylsuccinic acid). Among these 
molecules, malonic acid has the greatest affinity 
for the enzyme. This affinity is so high, compared 
even with that of succinic acid, that malonic acid 
will displace succinic acid from succinic dehydro- 
genase and so reduce the velocity of oxidation of 
succinic acid by its enzyme. The malonic acid 
itself, although combined with the enzyme, under- 
goes no chemical change. This effect of malonic 
acid, in virtually poisoning (in a reversible man- 
ner) succinic dehydrogenase, has proved to be a 
very useful tool in the study of the part played by 
succinic acid in cellular respiration; for any re 
spiratory system demanding the participation of 
succinic acid and succinic dehydrogenase can be 
detected by the drop in respiratory activity taking 
place on adding malonic acid to the system. This 
inhibitory action of malonic acid may be seen ia 
an even more striking way. Certain bacteria will 
proliferate in a medium where the sole source of 
carbon is provided by succinic acid, the bacteria 
oxidizing the succinate as a preliminary step 
synthesis. If malonate is also present in the 
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medium, the growth of the bacteria is much re- 
tarded, as the malonate inhibits the oxidation of 
the succinate and less carbon becomes available 
for the needs of the bacteria. Thus malonate acts 
asan inhibitor of bacterial growth in this system. 
It is not a cell poison, for it does not act as an 
inhibitor in systéms where a preliminary break- 
down of succinate is not necessary to provide the 
bacteria with carbon for synthesis. Malonate, 
therefore, can act as a bacterial inhibitor, the 
inhibition depending on the constitution of the 
nutritional medium and type of cell involved. 

Molecules which combine with succinic de- 
hydrogenase seem to have little or no affinity for 
other oxidizing enzymes such as lactic and formic 
dehydrogenases. A certain structure, apparently 
the form 

H 


bey 
— C—C— COOH, 
pry 


isnecessary for attachment of a substrate to succinic 
dehydrogenase. Another structure, -CO-COOH, 
is necessary for substrate attachment to lactic de- 
hydrogenase. The purine nucleus is necessary for 
union of substrates with xanthine oxidase, which 
can be poisoned by purines not undergoing oxida- 
tion by the enzyme. Amine oxidase similarly can 
be poisoned by amines which combine with it but 
are not attacked, e.g. phenylisopropylamine 
(benzedrine), and there is reason to believe that 
the pharmacological effects of this amine are 
linked with its poisonous action on the enzyme. 
Eserine combines reversibly with choline esterase, 
inhibiting its hydrolytic action’ on acetyl choline, 
a molecule of high physiological significance in 
the functioning of the central nervous system. 
This effect of eserine is now definitely linked up 
with its well-known pharmacological behaviour. 
These results show that substances may affect 
physiological processes by reason of their posses- 
sion of a structure allowing them to combine 
teversibly with certain enzymes, which are thus 
prevented from exercising their function of decom- 
posing the substrates presented to them at normal 
tates. This structure may be termed an attach- 
ment-grouping, .as it is by means of it that com- 
bination with the enzyme takes place. 

Another example may be given of the manner 
in which the presence of the attachment-grouping 
in the substrate molecule may be demonstrated. 
Urease, as already stated, is protected by urea 
fom the poisonous action of many dyestuffs. 
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Several other substances (which are not true 
substrates as they are not decomposed by urease) 
also have protective effects. These are a-amino 
acids, sarcosine, ethylenediamine, hydrazine, and 
hydroxylamine. Such substances obviously com- 
bine with the enzyme to exert their protective 
effects. The combining group of the protective 
substances is a basic group common to them all, 
either -—NH, or =NH. Combination takes place 
at a negatively charged group of the enzyme, and 
presumably this is one of the groups with which 
urea also is combined. 


RECEPTOR-GROUPINGS IN THE ENZYME 

Just as there must be a special attachment- 
grouping in a substrate to enable it to combine 
with an enzyme; so there must be a special 
grouping in the enzyme to receive and activate 
the substrate. The most important way of de- 
tecting the chemical nature of such a receptor- 
grouping in an enzyme is by the use of selective 
poisons. An example of this group is the thiol 
radical (-SH). This has been shown to be present 
in widely different enzymes such as succinic de- 
hydrogenase, urease, papain, and triose-phosphate 
dehydrogenase. The detection of the thiol group 
has been accomplished by making use of the 
poisonous action on the enzyme of reagents known 
to react with -—SH groups. Such a reagent is 
iodoacetic acid, which brings about irreversible 
poisoning as it combines with the -SH to form a 
relatively stable compound. It is possible, how- 
ever, for certain reagents to oxidize the -SH to 
—S-S-, eliminating enzyme activity, and when 
this is reduced to -SH again enzymic activity is 
restored. Both basic and acid radicals form re- 
ceptor groups of enzymes. This is shown by the 
poisonous action of acid and basic dyes, which 
react with the enzymes, and by the protection of 
the enzymes by their substrates from inactivation 
by dyes. It has been shown that invertase com- 
bines with acid and basic dyes according to mass 
action laws and that sucrose will compete with 
the dyes for the enzyme. 


PROSTHETIC GROUPS AND COENZYMES 


Spectroscopic examination of catalase, the 
enzyme which breaks down hydrogen peroxide 
to oxygen and water, has shown the presence of 
an organic iron complex (haematin), which has 
been separated from the protein of the catalase 
and found to be identical with the organic iron 
complex contained in haemoglobin. This com- 
plex consists of an iron atom associated with four 
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substituted pyrrole rings, and is termed an iron- 
porphyrin. The enzymic activity of catalase is 
directly related to its content of haematin, whose 
combination with cyanide, hydrogen sulphide, 
etc., results in the poisoning of the enzyme. There 
appear to be four iron atoms in each molecule of 
catalase. The mechanism whereby catalase breaks 
down hydrogen peroxide is associated with the 
iron-porphyrin complex, which undergoes a cycle 
of reduction and oxidation. The theory proposed 
by Keilin and Hartree is that the iron in the 
haematin of catalase exists in the ferric state, and 
becomes reduced to the ferrous condition on 
addition of hydrogen peroxide, oxygen being 
liberated. The ferrous complex is reoxidized to 
the ferric state by molecular oxygen, and the 
cycle reeommences. This is illustrated by the 
following equations: 


4Fe+++ + 2H,O, = 4H* + 20, + 4Fe** 
4Fet+ + 4H* + O, = 4Fett++ + 2H,O 


2H,O, = 2H,O + O, 





Such a view involves the conclusion that catalase 
would be quite ineffective as a catalyst when in 
the fully reduced condition. There is still some 
controversy as to whether this is actually the case. 
It is important, however, to realize that the 
special protein in the catalase to which the hae- 
matin is united must be playing an important 
role in the reaction. For haematin attached to a 
globin, as in methaemoglobin, has an activity 
which is only one millionth part of that of catalase. 
The haematin of catalase is often referred to as 
the prosthetic group of the enzyme. Peroxidase, 
an enzyme catalysing oxidations by hydrogen 
peroxide, is another iron-porphyrin complex 
associated with a special protein, and in this 
enzyme the iron always remains in the tervalent 
state. It is clear that iron-porphyrins combined 
with certain special proteins produce different 
enzymes, but not all compounds of iron-porphyrins 
with proteins have catalytic activities. In the 
protein moiety of the enzyme, special groupings 
must exist which collaborate with the haematin 
in conferring catalytic activity on the enzyme 
complex. The nature of such groupings is as yet 
unknown. 

With other oxidizing enzymes such as poly- 
phenol oxidase and laccase, copper instead of 
iron plays a dominant role. When the copper of 
polyphenol oxidase is removed by dialysis, the 
copper-free protein is without oxidase activity. 
Addition of copper ions in small concentrations 


to this protein restores the oxidase activity; the 
copper ions alone at these concentrations hay 
no activity. : 
The copper content of these enzymes is small 
and of the order of 0°2-0°3 per cent. The copper 
cannot be replaced by other metals such as iron, 
cobalt, nickel, manganese, or zinc. The activity 
of the purified enzymes is very high. Thus | mg 
of polyphenol oxidase will cause a litre of oxygen 
to be consumed in 1 hour in presence of a 
excess of a substrate such as catechol. As in the 
case of the iron-porphyrin enzyme, it is supposed 
that the copper exerts its catalytic activity by 
undergoing a cycle of reduction and oxidation, 
Recent work has shown the increasing import 
ance of metal protein complexes in enzyme 
activity. Magnesium seems to be essential for 
many reactions involving the transfer, or libera 
tion, of phosphate groups. Zinc is an indispens 
able constituent of the enzyme carbonic anhydrase 
which controls the release of carbon dioxide from 
carbonic acid. Cobalt, manganese, and molyb 
denum are elements known to be important in 
physiological processes, and doubtless they will be 
found to be involved in specific enzyme reactions, 
Dialysable stable organic substances are now 
known to be intimately associated with the 
demonstration of normal cellular activities of 
certain enzymes. These compounds, which them- 
selves are catalytically inert, are sometimes re 
ferred to as co-enzymes, sometimes as prosthetic 
groups. They are known to be capable of com 
bining with special proteins and may be con 
sidered as structural components of the protein 
complexes. They have acquired a high import 


ance, not only for the parts they play in enzymic j 


reactions, but for the activity which some of their 
constituents exert in the nutrition of the living 
cell. Vitamin B, (thiamin), vitamin B, (ribo 
flavin), and nicotinic acid, all essential dietary 
constituents, have well-defined functions in em 
zymic reactions. 

The mode of action of a number of these sub- 
stances is now fairly clear. After combining with 
a specific protein or enzyme, the coenzyme under 
goes a cycle of reduction and oxidation. To take 
an example. The first discovered coenzyme, 
termed cozymase, has been found to be a com 
pound of adenine, ribose, phosphoric acid, and 
nicotinamide. Its constitution is as follows: 


Nicotinamide Adenine 


Ribose — Diphospho-group — Ribose 
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and it is often ‘referred to as diphosphopyridine 
nucleotide. This coenzyme combines with its 
enzyme, e.g. alcohol dehydrogenase, to form a 
highly dissociable compound. The substrate (in 
this case alcohol), after combination and activa- 
tion by the enzyme, reduces the cozymase, also 
combined with the dehydrogenase. A transfer of 
hydrogen takes place, the alcohol being oxidized 
to acetaldehyde and the cozymase being reduced 
to a compound in which the double bond in the 
nicotinamide part of the nucleotide becomes 
hydrogenated. The two molecules—acetaldehyde 
and reduced cozymase—are released from the 
enzyme, and the reduced cozymase is now re- 
oxidized in its turn to cozymase, either by oxygen 
through the intermediate action of yet another 
enzyme (flavoprotein), or by an oxidizing agent 
such as ferricyanide, in which reaction another 
enzyme is not involved. Thus the cozymase acts 
as a catalyst in a chain of reduction and oxidation 
whereby the hydrogen of alcohol is finally trans- 
ferred to oxygen or other oxidizing agent. The 
cozymase must be combined with an enzyme— 
in this case alcoho] dehydrogenase—to perform 
its function. Cozymase will act as coenzyme, or 
prosthetic group, to a number of dehydrogenases, 
each of which consists of a different protein. In 
general, the function in the cell of a coenzyme, 
such as cozymase, appears to be that of a middle- 
man capable of receiving hydrogen from various 
substrates, activated by different enzymes, and 
passing it on to a variety of other substrates acti- 
vated by their enzymes. It links together a num- 
ber of enzyme-controlled oxidative reactions. In 
the living cell the coenzyme may be considered 


4 a a regulator of the speed and passage of hydro- 


gen from one set of substances to another, and in 
this way it helps to control the rates and courses 
of oxidative processes in the cell. 

The enzyme which brings about the oxidation 
of reduced cozymase is a flavoprotein (a com- 
pound containing riboflavin or vitamin B,). This 
consists of a special protein which combines with 
a coenzyme or prosthetic group called flavin- 
adenine nucleotide. Its constitution is as follows: 


Isoailoxazine Adenine 


Ribose — Diphospho-group — Ribose 


Reduced cozymase when combined with this 
enzyme reduces the flavoprotein, cozymase being 
te-fformed, while the flavin nucleotide is reduced 
at the isoalloxazine ring. Reduced flavoprotein 
is now oxidized in its turn through another 


enzyme system (cytochrome and cytochrome 
oxidase), until eventually oxygen itself is reduced. 
The similarity in structure between flavin-nucleo- 
tide and cozymase is very striking, the only 
difference lying in the nature of the reducible 
groups. The flavin-nucleotides enter, however, 
into much firmer unions with their specific pro- 
teins, the chemical nature of these unions being 
as yet unknown. It is noteworthy that the pyridine- 
and flavin-nucleotides are derivatives of adenyl 
triphosphate, which is itself a coenzyme of 
glycolytic systems. It can be no coincidence that 
compounds containing adenylic acid, which form 
so important a part of the chemical architecture 
of a cell, play a significant role in cell oxidative 
processes. Another coenzyme is cocarboxylase, 
also termed the pyrophosphate ester of thiamin 
or aneurin or vitamin B,. Its constitution is as 











gi 


follows: 
Aa x U: CHyCH20-P,03(OH)3 
TABLE 3 
Enzyme = Reactions catalysed 
Catalase Iron-porphyrin 2H,0,> 2H,0+0, 
Peroxidase .. Iron-porphyrin Oxidations by H,O, 
Polyphenol oxidase Copper Oxidation of o-di- 
phenols, etc. 
Laccase Copper Oxidation of p-phe- 
nylenediamine and 
diphenols 
Ascorbic oxidase Copper Oxidation of ascorbic 
acid (vitamin C) 
Carbonic anhydrase Zinc H,CO,>CO,+H,0 
Sheichit Reactions of liber 
osphatases . — or libera- 
Phosphorylases Magnesium fax 














Alcohol, lactate, Oxidation of corre- 
~~ I hydre- {oes pyridine- ae ond 
giycerophos- * to ies 
phate .. jo tide) ketonic = 

Tene hosphate Tiighapeivagsidine Oxidation to phos- 
dehydrogenase — nucleotid phohexonate 

Flavoprotein Flavinadenine- Oxidation of 

nucleotide duced forms a ai 
phospho- and 
ae 

Amino-acid oxidase. . Flavinadenine- Oxidation, of ef weer 4 

nucleotide no acids to ketonic 

Xanthine and aldehyde Flavinadenine- Oxidation of 
oxidases nucleotide and aldehydes 

Carboxylase .. Diphosphothiamin | R-CO-COOH 

( ylase) + R-CHO + CO, 
Pyruvic acid oxidase Diphosphothiamin | Oxidation of pyruvic 
acid in brain, bac- 

teria, etc. 

Acetic acid oxidase. . Diphosphothiamin | Bacterial oxidation 

of acetic acid 
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This molecule forms a dissociable complex with 
a special protein, and is then capable of breaking 
down a-keto-acids into the corresponding alde- 
hydes and carbon dioxide. The special protein 
and the cocarboxylase, though individually inert, 
together form an active enzyme system. This co- 
enzyme is now known to be essential for the oxida- 
tion of pyruvic acid in animal tissues, and of 
acetic acid by bacteria. The mechanism of its 
action is not yet elucidated. A list of enzymes and 
their coenzymes is shown in Table 3. 


CELL- METABOLISM 


A few examples taken from diverse fields of cell- 
metabolism will suffice to show how systems of 
enzymes are involved in the familiar metabolic 
processes of the cell. 

Alcoholic fermentation, the study of which has 
so greatly enlarged our knowledge of the mode of 
action of enzymes, is made up ofa large number 
of enzyme-catalysed reactions which may be 
summarized as follows: 

phosphorylase 
glucose —————_> _hexosemonophosphate 
phosphorylase 
—————» hexosediphosphate 
zymohexase 
hexosediphosphate —-———> triosephosphate 
dehydrogenase 
triosephosphate —————> 
3 : phosphoglyceric acid 
3 : phosphoglyceric acid —> 
2 : phosphoglyceric acid 
2 : phosphoglyceric acid —-> phosphopyruvic acid 
phosphorylase 
phosphopyruvic acid ——————> pyruvic acid 


carboxylase 
pyruvic acid -———> acetaldehyde 
alcoholdehydrogenase 
acetaldehyde —»> alcohol. 
In the various phosphorylations mentioned above 
adenyltriphosphate plays a vital catalytic role, 
whilst in the other processes coenzymes involving 
nicotinic acid (as cozymase) and vitamin B, (% 
cocarboxylase) are concerned. 

The synthesis of urea from ammonia and carbon 
dioxide in the intact liver-cell appears to depend 
on the enzyme-catalysed reactions set out below’, 

Here ornithine acts as a catalyst in the synthesis 
of urea, but its reactions are controlled a appro- 
priate enzymes. 

In tea fermentation, to take a widely different 
system, familiar cell-respiratory catalysts are con- 
cerned. The main reactions involved have been 


described as follows: 
cytochrome oxidase 
—> 0-quinones 
glucose 
glucose + o-quinones ——————> 
dehydrogenase 
CO, + tea-tannins 








tea-tannin + O, 


condensation 
o-quinones —————> polymers (brown pig- 
processes ments characteristic of 
fermented tea). 

Cyclic processes, involving special proteins or 
enzymes, together with a variety of substances 
working at low concentrations and specifically 
associated with these proteins, are common fea- 
tures of metabolic events in the living cell. Its 
to be expected that our knowledge of these pro 
cesses will grow as the kinetics of cell-meta 
bolism are further investigated. 
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(iit) | 
HN =C 
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HN-CH,-CH,’CH,°CH(NH,)*COOH 


| 
HN-CH,°CH,°CH,°CH(NH,)*COOH 
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NH, 


| 
=C + NH,->HN =C 


| 
HN-CH,CH,CH,CH(NH,)*COOH 
arginine 


arginase 


+ H,O ——> CO+NH,CH,°CH,CH,°CH(NH,)-COOH 
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Science in the service of the fine arts 
IAN RAWLINS 





Physics and chemistry now play a considerable part in our understanding of works of art, 
as well as in problems of their conservation and the provision of appropriate environment. 
The philosophical psychology of art is being intensively studied, especially in relation to 
Gestalt theory: the aesthetic question is seen against the background of the concept of 
the beautiful in mathematics. In much of this work, Great Britain has led the way. 





The Golden Age of Greece produced scientists, 
mathematicians, and philosophers. Fortunately, 
much of their work is with us today. Far less 
known, however, are the pictorial artists of the 
same period. But to judge from the evidence of 
their achievements in the forms of descriptions or 
copies—nearly everything original having been 
lost or destroyed—the standard must indeed have 
been formidable. The social and educational 
aspects were not overlooked, for we know that 
public exhibitions of paintings took place, and 
that private collectors were urged to make over 
their property to the State for the general good. 
History is indeed closely repeating itself in our 
own day. 

But those far-off times showed a tendency 
which, sadly enough, was later to suffer almost 
complete eclipse for several centuries, only to 
teappear in Italy and the Low Countries of 
Europe. It was a kind of intimacy between the 
arts and sciences, an intellectual federation in 
which each partner was willing to contribute what 
it could to the common culture. The stress of 
antithesis between the two outlooks, so destructive 
and withal so sterile, had not yet set in. The loss 
of this unity, when it came about, was a disaster 
the magnitude of which we are only now begin- 
hing to appraise. Not content with that, history 
shows that much the same happened again when 
the technical skill of the Baroque artists suggested 
that associated research, as such, was temporarily 
atanend. Their joy was to exploit the newly won 
Victories of anatomy and structural perspective. 
It was a glorious if improvident epoch: glorious in 
the genius of Rubens, for instance, but improvi- 
dent in exhausting all too rapidly the compara- 
tively slender stock of scientific thought. 

The present situation displays features at once 
tcouraging and perplexing. The role of science 
has shifted. Its part is not so much with the artist 
a with the beholder, and with those whose task 
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it is to conserve great works of art and to exhibit 
them worthily. This article discusses, therefore, 
some recent developments in these fields, with 
particular reference to what has so far been 
accomplished in Great Britain. But the aim there, 
and in the United States no less, goes much 
deeper than mere doctoring and hygiene, im- 
portant as they are. An attempt is being made 
to apply the principles of physics and chemistry 
to art, and to know thereby more of how the 
great masters worked, and how they produced 
the supreme examples of their skill, imagination, 
and devotion. In addition, a change of emphasis 
can be discerned in our reactions to, say, a great 
picture. We wish to know not only what it 
represents but what it means. An artist’s tech- 
nique is no longer a case of ‘that’s that,’ but a 
subject to be probed for its significance. This is 
a vital distinction and embodies a new principle. 
We find ourselves confronted with some of the 
most profound problems of philosophical psy- 
chology, in particular with the theory of Gestalt. 
This was originally a Teutonic doctrine, and its 
aim, in brief, was to merge into one the quanti- 
tative and qualitative aspects of experience: in 
fact, an outlook pregnant with possibilities for 
the interplay of the arts and sciences. To Great 
Britain perhaps should go the credit for grasping 
the potential value of the theory in these direc- 
tions. Even in war-time, research of this kind is 
going on, taking baby steps as yet, fitful and in- 
secure, along completely new and untrodden 
paths of thought. 

In Britain, laboratories fully equipped with 
physical and chemical appliances have been in 
existence for some years at the British Museum, 
the National Gallery, and the Courtauld Institute. 
The first of these has recently celebrated its 
coming of age, whereas the other two have each 
been at work for about a decade. In the U.S.A., a 
comprehensive Department of Conservation and 
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Research is part of the Fogg Art Museum in the 
University of Harvard. Scientific methods are 
also being developed in connection with the 
museums and galleries at New York, Baltimore 
(Walters Foundation), and Boston. The purpose 
of all these is much the same, and a welcome 
degree of co-operation has been established be- 
tween the national institutions in Great Britain 
and their counterparts across the Atlantic. An 
example is the regular exchange of X-ray photo- 
graphs (which functioned before the war) be- 
tween the National Gallery and the extensive 
collection accumulated at the Fogg. This sharing 
of knowledge has proved mutually beneficial; 
overlapping is avoided, and a common research 
programme was in process of formation in 1939, 
' so that the special apparatus at either institution 
could be used to the best advantage without 
duplication. Great possibilities are thus open 
when happier times return. 

In the sequel, consideration will mainly be 
given to the scientific laboratory of the National 
Gallery, London, but much of what goes on there 
is equally applicable—mutatis mutandis—to other 
places in which the chief interest may be in works 
of art other than pictures. 

A typical example—from pre-war days of 
course—will perhaps show what can be done 
better than abstract descriptions. A picture is 
thought a proper subject for cleaning: that is, its 
discoloured varnish is to be removed, and very 
probably the repaint as well, which is assumed to 
cover part of the original design. The question 
therefore arises as to how much of the artist’s 
original work is actually present beneath the 
layer or layers of repaint. X-ray photographs 
will be taken. How much they will reveal depends 
upon a number of factors which the scientist 
unfortunately cannot control, but which he may 
be able nevertheless to anticipate. But in favour- 
able cases he will be able to produce a first-class 
image of what lies hidden, and thus largely to 
determine whether or not the proposal to clean 
goes ahead. In this connection, it is well to be 
perfectly clear that the decision is—in the last 
analysis—not a scientific one at all, but is based 
essentially upon aesthetic considerations. Will the 
picture, in fact, be more lovely after cleaning 
than before or not? Thus, X-ray tests show, when 
properly interpreted, whether cleaning would be 
justified technically; they make no judgment what- 
ever upon the problem of the beautiful. Lack 
of appreciation of this elemental distinction has 
often led to much disappointment and confusion. 


The moral is in reality applicable to the 
arts in general, in that no scientific meth 
as such can ever pronounce upon stylistic 
kindred questions. To ask them to do so is rg 
cally to mistake their function. But rightly ung 
stood and carefully used, their value is imme 
In addition to radiography, the laboratory 
apply ultra-violet and infra-red analysis; j 
former is often used visually, the latter is neg 
sarily photographic. Varnish shows strong fluog 
cence in ultra-violet light; it wil] thus be clear 
the restorer when this layer has been effectiy 
removed. Cases have occurred in which repa 
has been present on top of the varnish, and ¢ 
of course becomes immediately apparent. 
the varnish layer absent, ultra-violet rays 1 
give valuable hints about the age and chemi 
composition of paint. Taken in conjunction 
the history of the work under examinat 
valuable supplementary information may rez 
ably be expected. In other branches of the art 
sculpture and ceramics especially—ultra-vid 
testing is often effective in revealing hide 
mends, refillings, and even portions added’ 
later dates. 7 
Infra-red photography may be applied at 
outset, or subsequently, or both, in a program 
of restoration. Owing to the marked penetra 
of these rays through discoloured varnish, a ¢ 
terion of the condition of the design beneath ¢ 
be obtained. Very great care is needed in read 
such photographs, for the reflective powers} 
pigments for these long waves are quite diffem 
from the corresponding values in visible lig 
The influence of the binding medium § 
tempera, wax, and so forth) has also to be tal 
into account. With the varnish in good conditil 
and reasonably thin, it may be possible to pi 
beneath the surface of the paint and to bring 
the under-modelling. This may not be of sign 
cance for the limited purposes of restoration, 
it is of paramount importance for a study of 
history and development of technique. Th 
no doubt that the infra-red possesses advanta 
over the other radiations in certain respé 
Compared with X-rays, for example, the absef 
of superposition of the images of several lay 
(wood or canvas, priming, paint) upon ¢ 
other is a welcome simplification. Further resea 
may well be devoted towards methods desig 
to register the presence of paint layers at grea 
depths than is now possible. Nevertheless a: 
of caution may not be amiss. Oddly enow 
what has hindered infra-red progress in the 
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fis more than any other single factor is the view 
it is easy and straightforward. To get results 
fa sort is indeed not too difficult, but to bring 

Bese long waves under sufficient control to 

able really trustworthy and reproducible data 

Faccrue is altogether another matter. This brief 

Btline will suggest what a sizable dossier is likely 
accumulate regarding a picture about to be 

taned if the operation is conducted scientifically. 

fis a very far cry from the practice of the past. 
ere are two more tasks at least to be performed 
fore our information may be considered com- 
fete, and these will now be described. It is 
markable how knowledge of objects of art has 
avanced by these intensive methods. 

'The introduction of the microscope into the 
ery laboratory is not new. Binocular instru- 
ats of various kinds have been used by restorers 

m some time. Occasionally a kind ofdissecting 
d is helpful. What, however, is novel is the 

played by polarized light incident upon the 

Flace of a painting. The reason for its use is 

eculiar. It is to reduce—infact, almost to eliminate 
scattered light (flare), and so to enable the 
rver to get a sharp image by reflection. 

Owerful illumination is essential, since much loss 
Fintensity results, in spite of the employment of 
Bcial lenses taking light from peripheral rays. 
With this arrangement, minute cracks in the 
lint-films stand out boldly, and it is possible 
practice to see whether repaint has ‘slopped’ 
ver them or filled them up. Much the same 
plies to accumulated dirt in small fissures. The 
lagnifications involved are usually very moderate, 
idom exceeding 70 diameters. 

Finally comes the tintometer for the study of 
our changes. It is obviously desirable to be 
le to set a numerical value to the tonal intensity 

some exceptionally interesting area of a painting 

fore and after cleaning. This is achieved by an 

Bparatus (the tintometer) employing the com- 

irison of two visual fields, one reflected from 
painting and the other from a block of stan- 

rd white magnesium carbonate. A match is 
ined by the interposition of coloured glass 

feens, specially made to retain their absorptive 
ers unimpaired over long periods. Results 
readily tabulated for future reference. 

It will be noticed that these five methods 

R-rays, ultra-violet, infra-red, microscopy, tinto- 

Btry) are all in the nature of ‘non-destructive 

Sting.’ The painting itself is not touched in any 

my. In this respect, they are ideal. If, however, 

© analysis of a pigment or medium is considered 
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essential, it may be necessary to remove a minute 
amount (less than the size of a pin’s head) from 
the edge or from under the rabbet of the frame, 
for analysis by micro-chemical or spectro-photo- 
graphic means, preferably the latter. Occasion- 
ally, but not often, some crucial point can be 
settled in no other way. 

Corresponding progress has been made with the 
elucidation of the characteristics and condition of 
other valuable objects such as ceramics and metals, 
including ancient bronzes. The Research Labora- 
tory of the British Museum, London, was a pioneer 
in this field, and today stands unrivalled both for 
the precision and refinement of its investigations 
and for the exceptionally wide range of its activi- 
ties. In Great Britain the Department of Scientific 
and Industrial Research (D.S.I.R.) has proved a 
godsend in undertaking special inquiries of 
interest to curators. Examples are the identi- 
fication of wood species (important for the 
history of panel paintings) and the control of 
moulds and mildew. Co-operation between this 
Department and art laboratories has proved most 
beneficial. 

Another set of problems altogether is encoun- 
tered when the question of the best physical 
environment for valuable objects is considered. 
Clearly, this matter concerns not only officials, 
but the public as well. Picture galleries and 
museums must normally be maintained at tem- 
peratures and relative humidities reasonable for 
the comfort of visitors. Generally, relative humi- 
dity is more important for exhibits than tempera- 
ture, and luckily the former may be fixed within 
surprisingly wide limits without causing bodily 
inconvenience. Thus, physicists and engineers will 
probably agree that a relative humidity of around 
55 per cent. at 65° F is appropriate, and these 
figures are comfortable, in the British Isles at any 
rate. The difficulty, naturally, is to keep these 
conditions from wide fluctuations, when the 
number of persons present in the building may 
vary greatly. It is probable that no institution 
has solved the problem completely. For the 
moment, all that can be said is that extensive 
data are being accumulated as the result of war- 
time ‘storage of valuables of all kinds under 
scientific control. 

At the beginning of this article, the changes 
which have occurred since early times in the 
relationship between the arts and sciences were 
briefly reviewed. In the light of modern develop- 
ments, now in outline at least before the reader, 
it is tempting to glance into the future. Given a 
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return to a semblance of normality, scientists can 
be trusted to persevere in their efforts for the 
preservation and due display of works of art. But 
their claim may, in time, be found to be very 
much greater. It may well be that the fascinating 
but troublous subject of aesthetics will yield 
appreciably to a scientific approach, more es- 
pecially in the direction of Gestalt principles. 
Efforts of this kind are bound to be slow and 
tentative; they offer perhaps wider vistas and 
greater triumphs than almost any other intellec- 
tual quest, if fearlessly pursued. One thing essen- 
tial to realize is that the arts are not the only 
expression of the beautiful: in mathematics 
especially there are branches which to describe 
as ‘elegant’ would be an understatement. The 


elusive property of what exactly constitutes mathe. 
matical beauty is in fact no bar to its certain 
recognition by those qualified to judge, in very 
much the same way as in the fine arts. Some. 
where hereabouts we must rediscover in this 
twentieth century the link that was so unhappily 
severed over two thousand years ago. An eminent 
Cambridge scholar recently wrote: 

He [the mathematical research worker] should 
take simplicity into consideration in a subordinate 
way to beauty... . It often happens that the 
requirements of simplicity and of beauty are the 
same, but where they clash the latter must take 
precedence. 


A stronger urge for science in the service of the 
fine arts would indeed be hard to find. 


Correspondence 


(Continued from page 84) 





LAVOISIER AND CONTEMPORARY 
BRITISH CHEMISTRY (continued) 
propounded in 1777; and at the same 
time he applied Black’s discovery of 
latent heat to formulate a theory of 
gases. But his ideas found no accept- 
ance. It may be that he was waiting 
far less for the acclamations of his 
fellow-Academicians in Paris than for 
an approving voice from Edinburgh, 
the voice of Black, then the most emi- 
nent of living chemists, whose ideas 
had so greatly inspired him and of 
whom he spoke as ‘mon maitre’ and ‘le 
premier de mes juges.’ We do not 
know the exact date of Black’s accept- 
ance of Lavoisier’s theory, but we 
know that it was before 1784. (The 
first French chemist to be converted 

was Berthollet in 1785.) 

In 1784 Cavendish discovered that 
the explosion of ‘inflammable air’ and 
Priestley’s ‘dephlogisticated air’ yielded 
water, and concluded that the water 
was produced by condensation from 
both ‘airs,’ ‘inflammable air’ being 
‘water united to phlogiston’ and ‘de- 
phlogisticated air’ being ‘water de- 
prived of its phlogiston.’ But Lavoisier 
saw at once that Cavendish’s discovery 
vitally confirmed his own theory, and 


he gave the explanation that water was 
a compound of these gases. 

The sequence of experimental dis- 
covery was now complete—Black, 
Priestley, Cavendish. Soon afterwards, 
Lavoisier applied Boyle’s definition of 
the chemical element and drew up the 
first list of elements. Priestley’s ‘de- 
phlogisticated air’ became the element 
oxygen; Black’s ‘fixed air’ became a 
compound of oxygen and the element 
carbon; and water a compound of 
oxygen and the element hydrogen. 

Freed from his administrative labours 
by political changes, Lavoisier hoped 
to visit England and to meet Black in 
Edinburgh. Unhappily, his life was 
already threatened. However, we 
might point out on this two hundredth 
anniversary of his birth that there 
seems some reason to suppose that, 
shortly before his death, the Council 
of the Royal Society, of which he had 
been elected a Foreign Member in 
1788, was considering the award to 
him of the Society’s highest honour, the 
Copley Medal. Grimaux stated that 
the award was actually made in 
December 1792, but this is not so. The 
Copley Medal was awarded to Rum- 
ford in 1792 and to Volta in 1794. 
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Significantly, there was no award for 
1793, although the Council discussed 
the matter without recording anything 
of their intentions or considerations, 
Grimaux’s ‘1792’ may be a slip; his 
dates are often wrong. It was a time, 
however, when the award of a medal 
from London would be likely to bring 
not distinction, but mortal peril, to a 
Frenchman, especially one so closely 
associated with the old régime, and the 
Council would be well aware of this. 
Already in September of 1793 Lavoisier 
had been subjected to a domiciliary 
visit for his papers to be searched. In 
November 1793 he was arrested; and he 
remained in prison until guillotined on 
8th May, 1794. During the domiciliary 
visit of September 1793, a packet of 
letters from correspondents in this 
country was taken from him; and it 
may be that one or other of these con- 
tained some hint of the intentions of 
the Council of the Royal Society. The 
letters have survived, but an examina 
tion of them has been prevented by 
the events of the war. Other relevant 
documents are also inaccessible at 
present, but it is hoped to obtain 
further information on this matter 
after the war. 
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The chemistry of gemstones 
W. T. GORDON 













Shakespeare’s line, “These be rubies, fairy favours,’ well expresses the almost magical 
fascination which the enduring beauty of precious stones has always exerted upon the 
mind of man. We now know much of their structure and composition, but, as Professor 
Gordon points out in the following article, chemistry has not yet met with full success 
in making artificial gemstones indistinguishable from the corresponding natural ones. 
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Gems are prized because of their beauty, but this optical behaviour. Failure has attended most of 
beauty must be lasting; consequently resistance these attempts, but, in a few cases, remarkable 
to conditions that would impair their attractive success has been achieved. 
characters must be one of the most important Analysis of gemstones is usually simple, but re- 
properties of gems. The innate acquisitiveness assembly, involving not merely correct chemical 
of man compels rarity to be considered as another constitution but also correct physical arrangement 
very desirable feature, and, further, any material of the atoms, has not proved so easy. The early 
from Nature’s storehouse is valued far above the attempts were abortive because the experimenters 
products of chemical science in the laboratory. could not secure correct physical ‘build’ of the 
Man persists in regarding himself as something constituents within the conditions of their methods. 
apart from Nature, and as long as his manufac- Naturally, a process that will form a clear limpid 
tured gems can be differentiated from the corre- substance out of the material elements of a gem 
sponding natural types, so long will he relegate may not necessarily secure the proper physical 
some of the triumphs of chemical skill to an in- lattice structure, and a structureless glass, rather 
ferior category. In regard to the rarity factor, an than a crystal, might be expected. 
analogous statement may be made. A mineral Diamond and corundum were the two chief 
may perhaps be too common to be considered gems whose artificial production was most desired. 
anything but a semi-precious gem, even though The former has eluded the efforts of chemists up 
itis very attractive; or, on the other hand, it may to the present in any large sizes, though J. B. 
be so rare that a vogue cannot be established for Hanney’s claim to have made small diamonds in 
it as a gemstone, and only the well-informed 1880 has been substantiated again in recent weeks. 
collector is aware of its existence and its beauty. Mr F. A. Bannister and Dr K. Lonsdale have 
Beauty in a gem is based on emotions aroused proved that some of the minute crystals he made 
by the effects of light, whether by reflection, in that year have the diamond pattern structure’. 
absorption, refraction, dispersion, or interference But large-scale production is hardly likely along 
of rays, and these are physical, not chemical, the lines of his method. 
characters. Indeed, one may almost as appro- Ruby and sapphire were reassembled most 
ptiately talk of the chemistry of the rainbow wonderfully in 1904 by means of the Verneuil 
as the chemistry of gemstones. Yet, just as there inverted blowpipe (figure 1). Curiously enough, 
is a chemistry of air and water, the media that earlier workers recorded that when they fused 
produce the rainbow, so there is a sense in which ruby or sapphire an opaque globule was formed. 
the chemistry of gems has a real existence. The significance of this was not realized, but 
Since the fundamental phenomena associated essentially the reason is that corundum—the 
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a with gems are physical, it is not surprising to find substance of ruby and sapphire—always crystal- 
The § that they occur in many different chemical groups. lizes on cooling from fusion, and usually as a 
ic The range is from elements, through simple oxides, confused jumble of minute crystals; consequently 


to exceedingly complex silicates, phosphates, and opacity of the mass supervenes. Until conditions 
other salts. And the most fascinating chemical that permitted of the continuous growth of one 
considerations centre around attempts to make single crystal were discovered no success was 
synthetic or reassembled products that are iden- 
tical with natural minerals as regards colour and 1Bull. Min. Soc., meeting 28th January, 1943. 
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attained. Verneuil’s process depends on the pro- 
duction of finely powdered aluminium oxide by 
calcining ammonium alum at 1,000° C and drop- 
ping the powder through the flame of an oxy- 
hydrogen, oxy-acetylene, or oxy-coal-gas inverted 
blowpipe. The powder melts in the hottest part 
of the flame, and the small droplets fall on to the 
end of a fireclay rod placed just below that level. 
At first a forest of small crystals is produced, each 
crystal more or less parallel to its neighbours 
(figure 3), but soon one begins to increase in size 
_ at the expense of the others. The powder ‘feed’ 
is then increased and the heat of the blowpipe is 
stepped up to 2,100° C. An inverted pear-shaped 
mass or ‘boule’ is gradually formed. It is a single 
crystal of corundum, round in transverse section, 
though hexagonal shapes, like the natural crystal, 
are sometimes produced?. 

The artificial crystal shows an interesting dif- 
ference from a natural crystal because the whole 
‘boule,’ aside from the small initial ‘stalk,’ splits 
down the centre. Until the parting is effected 
the whole is in strain, but, after fracturing, the 
two halves are free from strain. Gems are often 
cut from the two halves in such a way that the 
front faces are parallel to the plane of parting; 
but the colour of the ruby type in particular is 
different in this direction from that in a plane 
perpendicular to the parting, and it happens that 
the colour most in demand is the latter. In 
natural crystals there is no similar plane of parting, 
and so the most desirable colour may be secured 
without sacrificing material. The experienced eye 
can differentiate the ‘synthetic’ from the natural 
gem by this test, though there are easier and more 
certain tests available. 

There is no outward sign of this very important 
plane of parting. But, on holding the small end 
of the boule between the jaws of a pair of nippers 
and attempting to break the end off by a sudden 
twitch, it is found that, in one direction, the 
whole boule splits lengthwise into two nearly 
equal parts. It is possible that this surface is a 
twin plane—a feature that occurs in other crystals, 
e.g. augite or hornblende among rock-forming 
silicates. 

Another interesting point is that the axis of the 
boule is not in general the axis of the crystal. The 
angle between the two directions may range up 
to 40°, and for jewels for bearings the crystallo- 
graphic direction is important. The true axis is 





1Sandmeier, E. G., 7. Inst. Elec. Eng., 1933, 72, 505- 
514, Pls. 1-6. 


accurately determined by examination of the 
small basal portion, and is marked on each half 
before the cutting out of the jewels is begun, 
Large boules are best because the larger the boule 
the fewer are the measurements of axial orienta. 
tion required. By keeping all materials pure, 
boules up to 750 carats (= 150 gm.) have been 
manufactured (cf. figure 3). 

For jewellery purposes the corundum must be 
coloured, and this is done by adding certain 
metallic oxides, again in a finely divided state, 
Ruby is made by adding up to 2-5 per cent. of 
chromic oxide, sapphire by the addition of 1-5 per 
cent. iron oxide and 0-5 per cent. titanium oxide 
(later altered to 0-12 per cent. of titanium oxide 
alone), while up to 3 per cent. vanadium oxide 
produces the so-called synthetic alexandrite. Like 
the true alexandrite, the material is greenish in 
daylight but raspberry-red in artificial light. The 
absolute riot of colour that may occur in natural 
corundum is illustrated in figure 9, and all these 
colours could be imitated by adding suitable 
oxides to the original alumina powder (figure 4). 

In the early process of manufacture the colour 
did not always spread evenly through the molten 
mass. Curved bands of colour, quite distinct 
from the straight bands that often occur in the 
natural crystal, appeared; but a uniform colour 
dispersion was effected by adding magnesium 
oxide. The resulting ‘boule’ was square in section, 
and the taper from the initial stalk had four flat 
faces on the position of the four corners of 
the cube (figure 2). The chemical composition 
approximates to MgO,3Al,0;. The natural 
mineral spinel has a formula MgO, AI,O,, and 
crystallizes in the cubic system, so the artificial 
product may be called a synthetic spinel. All 
kinds of coloured specimens are made—but made 
in imitation of other gems. The colour in the 
natural spinels has a smoky appearance, so that 
the synthetic material appears in contrast to be 
too clear and clean (figure 7). Red spinel has 
chromic oxide and blue spinel ferrous oxide as 
colouring material. 

Corundum and spinel are relatively simple in 
composition, but, in 1935, the successful synthesis 
of beryl, 3BeO, Al,O,, 6SiO,, was announced. 
The material was green in colour and was named 
igmerald. The process of manufacture is a secret. 
The colour is frequently in bands, but these bands 
are straight. Chemically this is an even greater 
triumph, although detection is comparatively 
easy. The specimens so far produced are small, 
about | carat (= 0-2 gm.). 
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No other important gem type has been synthe- 
sized, but there is nevertheless an interest in their 
colouring material. Glasses made to imitate gems 
may have certain materials added to produce the 
desired colour, but such materials may not be 
identical with those in the natural stone. Perhaps 
tourmaline shows the difficulty more than most. 
The analysis of the mineral is not very definite, 
but certain colours are associated with different 
compositions. Pale pink and pale green examples 
have lithium in their composition, and occur with 
lithia mica; brown to yellow-brown samples have 
magnesium; and green to black contain iron 
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(figure 8). The luxuriance of colour in, gems is 
also well shown in zircon (zirconium silicate) 
(figure 6), while figure 5 illustrates the more 
striking colour variations in topaz and garnet. 

Another aspect that may be brought within the 
purview of the chemistry of gems is the occurrence 
of ‘inclusions,’ i.e. one mineral in another, in such 
a regular fashion that beauty is imparted to the 
whole. Needles of rutile (titanium dioxide) or 
asbestos are often regularly positioned under the 
crystallization forces, and light is therefore re- 
flected from every fibre in the same general direc- 
tion. There may be only one such direction, or 
two or three intersecting directions, and luminous 
beams may appear in the stones. Cat’s-eye effects, 
or luminous crosses or stars, may result. In some 
cases the amount of foreign substance is too small 
to be detected by chemical analysis. 

Brilliant colour effects may be produced by 
slight variations in the water present in minerals. 
If adjacent lamellae vary slightly in water con- 
tent, light may suffer interference when passing 
over the laminae. Opal offers the best illustration 
of this phenomenon. Minute cracks may induce 
similar results. 

Lastly, bright colours due to dispersion of light 
may appear in perfectly colourless or pale- 
coloured materials. In diamond (carbon), zircon 
(zirconium silicate), and sphene (calcium titanate 
and silicate) very brilliant colours of this type 
are seen, but they are rather outside the scope of 
the chemistry of gemstones. 


FIGURE 1 — Verneuil inverted blowpipe. 


A = Tapping device to strike top of spring-suspended alumina 
container C. 


B = Outside of oxygen tube into which container C fits. 
S = Sieve base of container. 

H = Hydrogen tube. 

O = Oxygen tube. 


N = Nozzle of blowpipe inside fireclay furnace F seen through 
window W. 


P = Pear-shaped boule forming on fireclay rod R. 


T = Table that can be raised and lowered and which accommo- 
dates the fireclay rod. 
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FIGURE 2 (above) — Boules of synthetic cor- 
nndum and synthetic spinel. 


The upper row are cut corundum gems from boules 
similar to those in the second row. The third row 
are boules of synthetic spinel made by the same 
process as the synthetic corundum. They are 
square in section, however, as distinct from the 
rounded hexagonal form of the synthetic corundum. 


FIGURE 3 (left) — Synthetic corundum. 


The large ‘boule’ is in an inverted position. It 
weighs over 100 gm., or 500 carats. This material 
is used mainly for pivots in machinery, e.g. meter 
and watch jewels. The smaller ‘boules’ show how 
the crystals develop from one of the ‘forest’ of 
small crystals that coat the apex of the fireclay 
rod in the Verneuil furnace. The ruby ‘boule’ 
has several small unsuccessful competitors round 
its base. These illustrate the several directions in 
which their axes are orientated. 
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FIGURE 5 — Topaz and garnet. 
FIGURE Synthetic corundum and nat = : 
.~ Seere idum and natural The seven large stones in the two top rows, and 
blue topaz. 


the three bottom specimens, are topaz. All the 
others are garnet. The colour variation in these 
of pale blue colour. The third, down, is pad- gems is great, though not so great as in tour- 
maradschah. maline and zircon. 


The top and bottom stones are natural topaz 


FIGURE 6 - Zircon. 


A series to illustrate the great variety of colour 
in specimens of natural zircon. Heat-treatment 
may change the colour, and the blue examples 
shown here are almost certainly so treated. 
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The earth’s gravitational field 


E. C. BULLARD 





has long been known that the acceleration due to gravity varies from place to place, 
though ‘obstinately constant’ at a given locality. A survey of the earth’s gravitational field, 
acluding observations made under difficult conditions at sea, has provided much interesting 
mformation on geological problems such as mountain-building. Dr Bullard describes some 

the methods recently employed and discusses the implications of the data acquired. 





the birth of the modern science of physics is 
Barked by the experiments of Galileo on the 
hotion of falling bodies. He found that, if atten- 
fon is restricted to bodies dense enough not to be 
BHected appreciably by the resistance of the air, 
ihe motion is one with a constant acceleration. 
Bhat is, the velocity of fall increases directly in 
sroportion to the time that has elapsed since the 
jody was at rest. This acceleration is called ‘g’ 
ind is conveniently measured in centimetres per 
fecond per second. Its numerical value in London 
§ about 981, that is to say the velocity of a falling 
lody increases by 981 cm./sec. during every 
ond that it falls. If it starts from rest it will 
ave a velocity of 981 cm./sec. at the end of the 
mst second, 1,962 cm./sec. at the end of the 
Bcond second, 2,943 cm./sec. at the end of the 
Bird second, and so on. If a body is dropped in 
ir its motion is to some extent influenced by the 
Moyancy and resistance of the air, and for light 
Ddies, such as feathers, the air-resistance is the 
Main factor controlling the motion. In a vacuum 
il bodies fall with the same acceleration and it is 
acceleration in a vacuum that is always im- 
lied by g. 
’ The constancy of g at a given place is one of 
he simplest and most fundamental laws of Nature. 
f has now become such a commonplace that it 
rarely considered as remarkable; it would, how- 
wer, be difficult to name another property that 
totally independent of the material, size, mass, 
Bape, state of aggregation, and temperature of 
Ebody. The demonstration of this constancy was 
farted by Galileo and continued in a more 
iphisticated way by Newton, who established it 
> 1 part in 1,000 with gold, silver, lead, glass, 
and, common salt, wood, water, and wheat. 
ance then the accuracy has been pushed to | part 
& 160,000,000 by the experiments of Bessel, 
btvos, and others. 
The timing of freely falling bodies is not a con- 


venient method of measuring g, and was early 
replaced by the determination of the period of a 
pendulum. With a given pendulum the time 
taken for one oscillation is inversely proportional 
to the square root of g, and a pendulum can there- 
fore be used to determine variations in g from 
place to place or from time to time. The period 
also depends on the form of the pendulum, and 
the determination of the absolute value, as dis- 
tinct from the variations from place to place, is an 
elaborate undertaking. The best method is due 
to Captain Kater, who used it in 1817 to deter- 
mine g at the house of his friend Mr Brown, near 
the site of the present Broadcasting House, 
London. 

In 1672, Richer, a French astronomer, found 
that his clock, which kept good time in Paris, lost 
2 mins. 28 secs. a day at Cayenne in the West 
Indies. He explained and confirmed this by show- 
ing that the length of a simple pendulum beating 
seconds at Cayenne was about one-tenth of an 
inch less than in Paris. Similar results were ob- 
tained by Halley at St Helena, and by others at 
various places near the Equator, leaving no doubt 
that g varied from place to place on the surface 
of the earth. 

Regarded as an isolated fact, it might well 
occasion surprise that a quantity that is so obstin- 
ately constant at a given place should vary in 
different parts of the world. This variation was, 
however, explained by Newton in the Principia. 
He showed that the movements of the heavenly 
bodies can be explained by his laws of motion if 
every body attracts every other with a force pro- 
portional to its mass and inversely proportional 
to the square of its distance. He next showed, by 
a celebrated argument connecting the period of 
the moon in her orbit with the acceleration due to 
gravity at the earth’s surface, that the force in 
question is none other than gravity. He then 
calculated the combined attraction of all the 
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matter in the earth, allowing for the bulging of 
the Equator due to rotation, and showed that the 
observed variation of g is just what would be 
expected. He concluded: ‘If this gentleman’s [i.e. 
Richer’s] observations are to be depended on, 
the earth is higher under the Equator than at the 
poles, and that by an excess of about 17 miles.’ 
Newton’s calculation of the variation of g is open 
to many objections and was vigorously opposed— 
particularly by the Cassinis, father and son, who 
maintained, as a result of the measurement of 
arcs of triangulation in France, that the earth was 
prolate and not oblate. The matter was finally 
decided by the measurements made in Lapland 
and Peru by the French Academy, and even the 
grandson of Cassini, who, like his father and 
grandfather, measured arcs in France, was con- 
vinced. The theory of the earth’s figure was a 
favourite subject with most of the celebrated 
applied mathematicians of the eighteenth and 
nineteenth centuries; among others Clairaut, Euler, 
Stokes, Kelvin, Poincaré, and G. H. Darwin may 
be mentioned. As a result of their investigations it 
is possible to calculate the shape of the earth 
from gravity observations, and the variation of 
gravity from the shape. Such calculations con- 
firm Newton’s supposition that the earth is very 
closely an ellipsoid of revolution. The radius 
from the centre to the poles was found to be 13 
miles shorter than that from the centre to the 
Equator and g to be 0°5 per cent. less at the 
Equator than at the poles. The polar flattening 
of 13 miles is almost exactly the amount that 
would occur if the earth were a fluid; and this 
suggests that the main bulk of the earth behaves as 
a fluid to forces lasting for long periods. It is 
known from the types of waves propagated from 
earthquakes that, for forces lasting for a minute orso, 
the earth is solid to a depth of about 2,900 km., 
and the same thing is shown for forces lasting 
for about a day by the amplitude of the tide 
raised by the moon in the earth. It is not at all 
improbable that the earth should behave as a 
solid to transient forces and as a liquid to long- 
lasting ones; similar behaviour is well known in 
such substances as some sorts of toffee and the 
stiffer kinds of pitch. 

Gravity, measured at the earth’s surface, shows 
local variations, in addition to the regular varia- 
tion with latitude. Part of these variations is due 
to differences in height, for the top of a mountain 
is further from the bulk of the earth than is a 
place at sea-level, and gravity is consequently less 
there. This variation is about | part in 10,000 


for every 1,000 ft. of elevation. After allowing 
for it, there still remain local variations of up to 
1 or 2 parts in 10,000. These variations are due 
to the different masses of rock lying under different 
places. The differences are partly due to the 
visible excesses and deficiencies of hills and valleys, 
and partly to differences in the densities of the 
rocks. By a study of these variations or ‘anomalies’ 
in gravity, information can be obtained about the 
distribution of heavy and light rocks, and it is the 
interest of this geological information that has led 
to the great extension of gravity measurements in 
the present century. 

Geological structures are complicated, and if 
gravity is to provide useful information measure- 
ments must be numerous. Until about 1920 the 
method employed for timing the pendulums was 
essentially the same as that employed by Richer 
in 1672. The pendulums were timed by a clock 
which was rated by observations of the stars with 
a transit instrument. This is a time-consuming 
procedure requiring fine weather for several 
nights in succession, and it was unusual for an 
observer using it to make more than a dozen 
measurements in a year. With the introduction 
of wireless time-signals the work was greatly 
speeded up and became independent of the 
weather. The regular time-signals are, however, 
rather infrequent, and several observers have 
transmitted special signals for their measurements, 
often controlled by a pendulum similar to that 
used at the station at which g is being measured, 
The use of time-signals can be avoided altogether 
by recording an ordinary Morse message simul- 
taneously at a fixed station and at the place where 


- gis being measured. At each station the message 


is recorded alongside a record of the swings of a 
pendulum. The dots and dashes of the’ Morse 
message then mark a series of simultaneous 
instants at the two places and enable the periods 
of the two pendulums to be compared. Figure 2 
shows the apparatus in use in the Belgian Congo, 

By such methods it is possible to reduce the 
time required for a measurement to about an 
hour, but the time required for the transport, 
fitting up, and dismantling of the bulky and 
rather complicated gear still limits the rate of 
progress, and it is difficult to average two stations 
a day. In order to avoid these difficulties a num- 
ber of workers have abandoned the pendulum 
and devised spring balances for measuring g. In 


principle this method is very simple: a weight 


hung on a spring extends it until the restoring 
force is equal to the force exerted by gravity on 
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the weight. If the balance and weight are taken 

toa place where gravity is greater, the force on 

the weight will be greater and the spring will be 

§ further extended. In practice it is difficult to 
produce a spring that will remain sufficiently 
constant, and the most successful designs are 
trade secrets of prospecting firms. With such 
instruments measurements can be made in a few 
minutes and the variation of g mapped in detail 
ina way that would be impossible by the older 
methods. Owing to the slow drift of even the 
best springs, it is necessary for a gravity survey 
with a spring balance to be connected to the rest 
of the world’s gravity network by measurements 
made with pendulums. 

The methods described above provide satis- 
factory measurements on land; but, as two thirds 
of the earth’s surface is covered by sea, the in- 
formation obtained will give a very one-sided 
picture of the earth’s gravitational field. The 
problem of measuring g at sea is one of great diffi-. 
ailty, as there is no fixed point and no way of 
completely separating the ship’s accelerations 
fom gravity. In addition, the rolling and pitching 
of the ship hopelessly disturb any ordinary 
gravity-measuring apparatus. The problem has 
been solved by the Dutch geophysicist Vening 
Meinesz, who employs an ingenious combination 
of pendulums which very nearly eliminates the 
efiects of small motions of the support of the 
apparatus. In order to bring the motions below 
the limit where this elimination is satisfactorily 
performed, it is necessary to work in a submarine 
submerged to such a depth as greatly to reduce 
the wave motion. Figure 3 shows the apparatus 
installed in an American submarine. In a series 

| of journeys in Dutch submarines Meinesz has 
} @made over 1,000 measurements in the: Atlantic, 
|} @indian, and Pacific Oceans, particularly in the 
|} as around the East Indies. Measurements have 
been made in the West Indies in United States 
. Bubmarines, and a start was to have been made 
+ @in 1938 in a submarine of the British Navy. The 
| @british work was stopped by the Munich crisis 
ater only two measurements had been made. 

Though our knowledge of the earth’s gravita- 
tional field is still very incomplete and vast areas 
ae left entirely unsurveyed, certain general fea- 
tures have appeared. The most striking of these 
8 the apparent lack of gravitational attraction 
fom mountains. This was first noticed in the 
middle of the eighteenth century, when one of 
the French academicians observing an arc of the 
Meridian in Peru measured g on Chimborazo. 








~~ WN Ree Re EG TO lee em 


107 


This isolated observation did not attract much 
attention, and general interest was aroused only 
when the measurements of Sir George Everest and 
the calculations of Archdeacon Pratt of Calcutta 
(figure 4) showed that the Himalayas deflected a 


.plumb-bob in the Ganges plain much less than 


would have been expected from their size and 
density. The Archdeacon explained this unexpected 
result by suggesting that the mountains are under- 
lain by less dense rocks than the neighbouring 
plains, the deficiency in density being just enough 
to cause the total mass per unit area to be the 
same everywhere. That is to say, the excess mass of 
the mountains is balanced by a deficiency beneath 
them, a state of affairs called isostasy. It is exactly 
the condition that occurs with a floating iceberg, 
where the visible mass above sea-level is exactly 
equal to the deficiency of mass below, due to ice 
displacing the heavier water. This analogy sug- 
gests that the explanation of Pratt’s result is that 
the mountains have a subterranean ‘root’ of light 
rock and that the mountain and root are together 
floating in hydrostatic equilibrium on the rocks 
beneath the crust. The rocks at a depth of 40 km. 
or so must therefore be liquid in the sense that 
they cannot indefinitely sustain a shearing stress. 
As was pointed out when discussing the figure of 
the earth, this is not inconsistent with their being 
at the same time ‘solid’ for forces lasting for a 
short time. 

The consequences of isostasy have been worked 
out in great detail, particularly by Hayford and 
Bowie of the United States Coast and Geodetic 
Survey, and it is now known that not only the 
Himalayas but the Alps, the Rocky Mountains, the 
African Plateau, and many lesser features are in 
isostatic equilibrium. The Atlantic Ocean is 
roughly in equilibrium, that is to say it is under- 
lain by enough dense rock to compensate for the 
lightness, relative to normal rocks, of the water 
overlying it. The compensation is, however, 
slightly overdone, and over large areas in the 
North Atlantic gravity is in excess of what would 
be expected if there were isostatic equilibrium. 
This excess implies deep-seated stresses, but too 
little is known of the geology of the Atlantic 
Ocean for a convincing explanation to be given 
as to why these exceptionally widespread anoma- 
lies occur there. Still more striking departures 
from isostasy occur near the ocean deeps fringing 
the arcs of islands in the East and West Indies 
(see figure 1) and off Japan. These anomalies 
occur along narrow lines parallel to the axes of 
the deeps, and consist of a strip of deficient gravity 
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FIGURE 1 — The gravity anomalies in the West Indies. 


The unit is 1078 cm./sec.? (Proc. Amer. Philosoph. Soc., 1938, 79, 62) 





bordered by broader but less intense strips of 
positive anomalies. Meinesz, who discovered 
these strips, has explained them as due to a body 
of light crustal rocks buckled downwards by hori- 
zontal thrusts. The East Indian line of anomalies 
forms a continuation of the line of the Himalayan 
mountain system, and there has been much specu- 
lation as to the relation of the deeps, their asso- 
ciated gravity anomalies, earthquakes, and vol- 
canoes to mountain-building processes. It is pos- 
sible that in these areas we have a mountain-build- 
ing process which has not come to fruition owing 
to the absence of a sufficient supply of sediment. 

In recent years many other striking exceptions 
to the general rule of isostasy have been found, 


particularly over the East African Rifts and in 
the Ferghana basin on the north-west side of the 
Himalayas. It is not possible in a general article 
to discuss these in detail, though their relation to 
the local geological structures is of great interest. 
The tendency during the last ten years has been 
towards a closer connection between traditional 
geology and geophysical investigations such a 
gravity measurement; this appears not only in the 
broader problems discussed above but also in the 
application of geophysical methods to the smaller 
scale geological problems of the oil prospector 
and the mining engineer. There is no doubt that 
there is a large field of interesting and useful 
work to be explored as soon as conditions allow. 





‘Weighing 


Closely allied in interest to the study 
of the Earth’s gravitational field is the 
problem of the determination of the 
Earth’s mean density or, what amounts 
to much the same thing, the determina- 
tion of the mass of the Earth, a process 
popularly, and inaccurately, described 
as ‘weighing’ the Earth. Newton came 
very near to the truth in his statement: 
‘It is probable that the quantity of the 
whole matter of the Earth may be five 
or six times greater than if it consisted 
all of water,’ and the verification of 
this famous guess forms one of the most 
fascinating tales in the history of experi- 
mental physics. The trouble arises 


the earth’ 


from the relative smallness of the forces 
involved. One may combat this diffi- 
culty by measuring the deflection of a 
plumb-line caused by a large natural 
mass such as a mountain and so com- 
pare the mass of the mountain with 
that of the Earth, but this merely mini- 
mizes one difficulty at the expense of 
introducing another—that of deter- 
mining the mass of the mountain with 
any reasonable approach to accuracy. 
Results of the highest precision are 
obtained by experiments on smaller 
and more exactly measured masses: 
Thus Cavendish at the end of the 
eighteenth century and Boys at the end 
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of the nineteenth century measured 
the deflection of a torsion balanee 
caused by lead spheres, and Heyl fas 
recently investigated the effect of the 
proximity of large cylindrical masses 
on the period of vibration of a torsion 
balance. Poynting weighed a massof 
some 20 kg. on a large bullion balanee; 
he then brought close beneath this 
mass a large sphere having a mass of 
about 150 kg. and measured actu 
rately the small increase in weight of 
the 20 kg. due to the attraction of the 
larger sphere. 

The results of these experiment 
are all within the range of Newton’ 
guess. The mean density of the Earth 
is almost exactly 5°5 times that o 
water. 
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FIGURE 2 — Pendulum apparatus on the shores of Lake Kivu in the Belgian Congo. The box 
on the left is the chronograph for recording the wireless signals and the swings of the pendulums; 
the pendulums are swung in the black box. The wireless set, with its frame aerial, and the pump 
for evacuating the pendulum box, can also be seen. 
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FIGURE 3 — The gravity apparatus mounted in the United FIGURE 4- Archdeacon Pratt as a young man. 
States submarine S-21. (United States Navy official photograph.) (From a drawing in the possession of Caius College, Cambridge.) 
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Prunus spinosa Prunus domestica Prunus divaricata 








FIGURE 4 - Plums of the past and of the present. (Top row) The blue sloe, Prunus spinosa (thirty-two chromosomes), 
the yellow-red myrobalan or cherry-plum, Prunus divaricata (sixteen chromosomes), and the European plum, Prunus 
domestica, var. Victoria (forty-eight chromosomes) , which is derived from their hybrid by doubling the chromosome number. 
(Below) The fruits of fifieen seedlings produced by self-fertilizing the Victoria variety to show how the ancestral colouts, 
shapes, and sizes can be segregated and recombined to prove the origin of a cultivated plant two or three thousand years ago. 
(& nat. size.) (Paintings by the late H. C. Osterstock.) 
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Cultivated plants of the past, 


present, and future 
M. B. CRANE 













Even a slight improvement in a crop may amount to huge sums in the economy of a nation. 
In the following pages Mr Crane tells how many important cultivated plants have come 
about, what their ancestors were, how new cultivated plants are continuing to arise spon- 
taneously, and how they can now be produced at will. He also shows that the science of 
genetics is indicating methods of getting better crops from the plants we already have. 









Most of our cultivated plants have been under 
culture from very early times and the manner of 
their origin is-often little known. For centuries, 
selection was the only method used to improve 
them, and natural seedlings of selected plants 
were the only material from which selection was 
possible. In these early times selection therefore 
operated on the maternal side only; the pollen 
came by chance from other individuals and there 
was no control of the paternal parent. 

The discovery of sex in plants, in the eighteenth 
century, meant the realization that the male 
parent is as important as the female parent. 
This gave some impetus to the breeding of plants, 
but it was only after the rediscovery of Mendel’s 
papers towards the end of the nineteenth century 
that the full possibilities of plant-breeding became 
apparent. During the present century the concept 
of the gene as the unit or ‘atom’ of inheritance, 
and the identification of the chromosomes as 
strings of genes, have put the whole matter in a 
new light. More recently, modern methods of 
research, a combination of genetics, cytology, and 
chemistry, have already shown how many of our 
present-day cultivated plants have originated, what 
their ancestors were, and how new and improved 
plants may be obtained for cultivation in the future. 

Our cultivated plants have had four distinct, 
though often overlapping, modes of origin: by 
selection with and without species-hybridization, 
and with and without chromosome doubling. Of 
fourse, selection is much quicker with hybridiza- 
tion than without it; and with chromosome 
doubling the new types are produced per saltum— 
they result from a doubling of the chromosome 
number by failure of a nuclear division, and 
recent research has shown how this can be brought 
about at will (Darlington, 1942). 
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The part that selection without species-hybrid- 
ization has played in the origin of new plants is 
evident from the many new varieties and forms 
which have appeared even within living memory. 
The sweet-pea, for example, was widely cultivated 
fifty years ago, but at that time no great range of 
varieties existed. Since then not only has the 
range of colour been vastly extended, but large 
differences have appeared in habit of growth, 
structure of leaves, and flowers. Indeed, the more 
attractive Spencer form of flower with erect, large, 
waved petals has completely ousted the old 
hooded form from cultivation. Thus the sweet- 
peas grown today are as distinct from those grown 
at the beginning of the present century as were 
the latter from the sweet-peas first grown in Eng- 
land from the seed sent by the Sicilian monk 
Franciscus Cupani in 1699. Similar remarks 
apply to the tomato, the raspberry, the edible pea 
and a vast number of other plants. Such new 
varieties of plants have resulted spontaneously by 
gene-mutations. 

Gene-mutations have also been responsible for 
some remarkable plants commonly found in culti- 
vation. Most plants, from the standpoint of 
genetics and inheritance, are the same all through. 
Consequently, when they are propagated vegeta- 
tively, it does not matter which tissue—stem, 
root, tuber, etc.—is used to start the new indi- 
vidual, or whether the tissue originates from the 
inside or outside of the plant: the resulting off- 
spring are always the same, and if they are 
established varieties they generally reproduce 
themselves from seed. But there are surprisingly 
large numbers of plants which do not possess this 
uniformity or individuality and, when they are 
propagated, different tissues give rise to different 
types of offspring. Such plants are composed of 
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two or more genetically distinct tissues and can 
be classified according to the way in which these 
different tissues are arranged and grow. In a 
common type, one genetic type or variety sur- 
rounds another, just as a glove covers a hand. 
Most of these plants have arisen by gene muta- 
tions occurring in the body tissues in such a way 
that only certain layers of the cells which go to 
make up the plant are affected by the change. 
Now, many of these plants can be propagated by 
root cuttings, and by adopting this and kindred 
methods their exceptional make-up has been 
demonstrated, for buds from roots usually arise 
from the internal tissues. Thus Bateson (1916) 
found that root cuttings of the pink-flowered 
Bridesmaid variety of Bouvardia produce the red- 
flowered variety Hogarth. 

Many varieties of potatoes are of the same class, 
and their structure was first demonstrated by 
Asseyeva in Russia (1927) byaslightly different but 
equally simple method, viz. by removing the eyes 
of the tubers and thus stimulating the internal 
tissues below the excised eyes to form buds. A 
British variety known as Golden Wonder, which 
has a thick brown russet skin, contains internally 
the variety Langworthy, which has a thin white 
smooth skin (Crane, 1936) (see figure 1). Such 
plants often present a problem to the plant- 
breeder, for the external glove-like variety may 
have a thickness of one or more cell layers. Now 
the reproductive cells are generally formed from 
the sub-epidermal or second layer; hence the 
germ-cells—the egg-cells and the pollen—will be 
of the kind of which this layer is composed. Thus 
the thick brown russet skin character of the potato 
Golden Wonder is genetically only skin deep; con- 
sequently the germ-cells are all Langworthy, and 
in sexual reproduction the russet character is not 
passed on and the offspring are all smooth. Lang- 
worthy was known before 1876 and Golden 
Wonder was first distributed in 1906. 

Though often used by breeders to produce new 
varieties by recombination, gene-mutations are 
not themselves directly due to hybridization. Nor, 
as is frequently supposed, are they due to the 
direct effects of cultivation, though indirectly 
cultivation has had important effects, (a) on 
account of the close in-breeding involved, which 
reveals mutations latent in the stock; (5) on 
account of selection and/or vegetative reproduc- 
tion, which maintain these mutations as distinct 
strains; and (c) on account of the protection 
which cultivation affords to the less robust types. 
Another important result of culture is that geo- 


graphical and ecological barriers are commonly 
overcome; species distantly separated in nature 
are brought together and opportunities are pro- 
vided for hybridization, which, as we shall see 
later, has led to important developments. 

The second mode of origin, a simple doubling 
of the chromosome number, has yielded, and is 
continuing to yield, many new plants. Most 
varieties of raspberries have fourteen chromo- 
somes, but Belle de Fontenay, Merveille Rouge, 
and several others have twenty-eight. The twenty- 
eight-chromosome kinds are autumn fruiting 
varieties; they have arisen from the fourteen- 
chromosome summer fruiting varieties during the 
past eighty years. In the Chinese primula there 
are varieties with twenty-four chromosomes and 
others with forty-eight. The latter are giant forms 
with large flowers and arose from the twenty- 
four-chromosome forms spontaneously at the 
beginning of the present century. In pears a new 
giant form, the first of its kind, recently arose in 
the nurseries of Messrs W. Seabrook (England), 
It has twice the usual number of chromosomes, 
namely sixty-eight instead of thirty-four, and its 
fruits are of better quality and about twice the 
size and weight of the variety from which it came 
(Crane and Thomas, 1939) (see figure 2). These 
are examples of new races of plants which have 
arisen in very recent times from a complete dupli- 
cation of the chromosome number. Sometimes, 
as in Primula, they have come about through the 
sexual process, the germ-cells having had a double 
number of chromosomes; and sometimes, as in the 
pear, vegetatively, a double number of chromo- 
somes occurring in the somatic or body-cells. 

Normally all the body-cells of a plant have a 
fixed number of chromosomes, which by a special 
cell-division give germ-cells with only half the 
number (cf. Darlington, 1942). Many valuable 
plants have arisen from the failure of this division 
in forming one of the parental germ-cells. Plants 
arising in this way have one and a half times as 
many chromosomes as their parents and not twice 
as many as in the new primulas and pears, Thus 
apples are of two kinds: some have thirty-four 
chromosomes (two lots) and others fifty-one 
chromosomes (three lots). The latter arose from 
the union of a normal germ-cell with seventeen 
chromosomes and a germ-cell with a double lot, 
thirty-four. Some of the most important apples 
in the world are in the fifty-one-chromosome class. 
Amongst them are Bramley’s Seedling, the most 
widely grown apple in England; Belle de Boskoop, 
the most popular apple on the continent of 
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FIGURE I — Two varieties or one? The potato Golden 
In one half the eyes 
were removed so that buds were induced to form from the 
internal tissues below the excised eyes. This half was 
planted and gave tubers of the variety Langworthy as shown 
on the right, A. The other, untreated, control half gave 
tubers all Golden Wonder, A*. Many cultivated plants, 
including other potatoes, have this remarkable make-up, and 
by a simple surgical operation it is possible to plant one 
variety and dig up another. (From Journal of Genetics, 32. ) 


Wonder (above) was cut into halves. 


(Nat. size) 
FIGURE 3 (above) — Strawberries of the past and 
of the present. widaniians 
number 
Fragaria vesca .. ae ais 14 
Fragaria elatior .. se ms 42 
. Fragaria virginiana ~~ aw 56 
. Fragaria chiloensis a a 56 
. Keen’s Seedling v a 56 
6. Royal Sovereign ee : 56 


‘Strawberries ripe!’ was a familiar cry in the streets of 
London four centuries ago. At that time the tiny fruited 
Fragaria vesca was the principal species in cultivation. 





FIGURE 2 (left) — Pears of the present and of thefuture. 
(Left) The pear Fertility; this variety has thirty-four chromo- 
somes and was raised in 1875. (Right) Fertility Improved, 
the first of its kind with sixty-eight chromosomes. It arose in 
1933 by the occurrence of chromosome doubling in a somatic 
cell. Its fruits are of better quality and much larger than 
those of the variety Fertility from which it came. (From 
Journal of Genetics, 37.) 
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(4 nat. size) 
FIGURE 5 — Blackberries of the future. The blackberry 
Merton Thornless, entirely without prickles, was raised by 
the author by crossing two native British species of black- 
berries. (Photograph by R. A. Malby.) 





Europe; and Baldwin, the standard winter apple 
of Eastern America. 

Plants with more chromosomes have more 
genes, and this has important effects on individual 
characters. Thus there is a gene, Y, for yellow 
colour in maize, which is associated with vitamin 
A. Mangelsdorf and Fraps (1931) found that 
plants with 0, 1,2, and 3 Y genes had an average 
of 0°05, 2°25, 5-00, and 7°5 units of vitamin A per 
gram respectively, and in apples the highest 
vitamin C content is found in the fifty-one- 
chromosome varieties (Crane and Zilva, 1931). 

The development of the garden strawberry 
shows how new plants have come about by the 
third mode of origin, viz. by selection from the 
offspring of species-crosses without the direct 
intervention of chromosome doubling. The culti- 
vation of the strawberry in Europe goes back to 
the fourteenth century. At that time only the 
wild wood strawberry, Fragaria vesca, was grown 
under cultivation. F. elatior, found sporadically 
in the woods on the continent of Europe, and 
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FIGURE 7-—To obtain a crop of fruit it is necessary 
to plant fruit trees in the right company. The cheny 
Bigarreau Frogmore. (Right) Self-pollinated: no fruit set. 
(Top) Pollinated with Bigarreau de Schrecken: no frutt set. 
The remainder of the tree, pollinated with inter-fertile 
varieties, has given an abundant crop. 





F. virginiana, the woodland and hedgerow straw- 
berry of eastern North America, were brought 


(x ca. 3,000) 
FIGURE 6 — Creating new plants by chemicals. (Lét) 
A normal cell of the apple Heusgen’s Golden Reinette, with 
thirty-four chromosomes; and (right) a cell of the sam 
variety after treatment with the drug colchicine, with sixty 
eight chromosomes. (Photograph by Dr P. T. Thomas.) 
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into cultivation in the sixteenth and seventeenth 
centuries respectively. The fruits of all three 
species are small, and at that time no appreciable 
increase in the size of fruits had occurred under 
cultivation. Early in the eighteenth century a 
fourth species, F. chiloensis, with large fruits, was 
introduced into Europe from South America. 
F. chiloensts is a dicecious species, i.e. its male and 
female flowers are on different plants. Unfortu- 
nately all the plants introduced were female, and 
for a long time, owing to the absence of pollen, no 
fruit was obtained from them. Later some of the 
plants were grown near other strawberries such 
as F. elattor and F. virginiana. These pollinated 
the chiloensis plants and satisfactory crops de- 
veloped. The fruits though large were poor in 
colour and quality, but seeds from them, the 
result of crossing with F. virginiana, were the 
beginning of our modern race of strawberries. 
The first varieties of this type, combining the 
larger size of F. chiloensis with the aromatic 
qualities of F. virginiana, appeared in France to- 
wards the end of the eighteenth century. It was 
not, however, until the early part of the nineteenth 
century that any considerable progress was made. 
At this time the English horticulturists took the 
lead and the advance they made was due to the 
raising of plants from seed and deliberate cross- 
breeding. Landmarks in the development of the 
garden strawberry are the varieties Keen’s Im- 
perial (1806) and Keen’s Seedling (1821), raised 
by Michael Keen of Isleworth; and Black Prince 
(1822) and Wilmot’s Superb (1823), raised by a 
Mr. Wilmot, also of Isleworth. There is evidence 
that Keen’s varieties were natural crosses and 
Wilmot’s varieties deliberate crosses between F. 
Guloensis and F. virginiana. Elton Pine (1827) was 
Taised by Thomas Andrew Knight; British Queen 
(1840) by Myatt of Deptford; and Sir Joseph 
Paxton (1862) by Samuel Bradley of Nottingham. 
The most successful of the English breeders, how- 
@ver, was Thomas Laxton of Bedford. He raised 
Many notable varieties from about 1870 and intro- 
duced his world-famous Royal Sovereign in 1892. 

In recent years the genus Fragaria has been 
Gitically studied and the chromosome number of 
the different species determined. The details 
fiven in figure 3 make the story clear. Experi- 
Ments have shown that crosses between the 
species with different chromosome numbers (see 
figure 3), such as F. vesca x F. elatior and F. elatior 
X F. virginiana or F. chiloensis, are abortive or 
tesult in sterile hybrids, but crosses between 
species with the same chromosome numbers, such 
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as F. virginiana x F. chiloensis, result in fertile off- 
spring. Thus the development of the strawberry 
subsequent to the introduction of new species 
into Europe depended on the hybridization of 
the two fifty-six-chromosome species which until 
then had been geographically isolated. 

We now come to our last and most important 
mode of origin, viz. species-hybridization accom- 
panied by chromosome doubling. Our cultivated 
plums, Prunus domestica, have arisen from hybrid- 
ization between the small cherry-plum P. divaricata 
and the still smaller sloe P. spinosa. The cherry- 
plum has sixteen chromosomes and the ground or 
granular colour of its fruit is yellow, while the 
anthocyanin or sap colour is red. In the sloe, 
which has thirty-two chromosomes, the ground 
colour is green and the anthocyanin blue, and the 
range of variation in both species is limited. In 
the cultivated plum both red and blue colours and 
yellow and green grounds occur, and from their 
various recombinations an infinitely wider range 
of variation results. Such a range can be obtained 
by self-fertilizing a single variety like Victoria (see. 
figure 4). Normal hybrids between the two ances- 
tral species have twenty-four chromosomes and are 
highly sterile. Such hybrids are still found in the 
forests in the North Caucasus (Rybin, 1929). The 
cultivated plums have forty-eight chromosomes, 
i.e. twice as many, and are highly fertile. They 
have larger fruits with a wide range of form and 
flavour (Crane and Lawrence, 1920-38). These 
facts all substantiate the view that the cultivated 
plum arose from hybridization between the 
cherry-plum and the sloe, accompanied by 
chromosome doubling. 

Combined genetical, cytological, and chemical 
investigations by Lawrence and Scott-Moncrieff 
(1929-35) have shown that, with the exception of 
the garden dahlia, all the species of Dahlia fall 
into two groups for flower colour, one with 
magenta and the other with scarlet or orange 
flowers, and with one exception they all: have 
thirty-two chromosomes. The anthocyanins in 
the magenta group are cyanidin types, and those 
in the scarlet group are pelargonidin types 
(Robinson, 1942). Variation within these species, 
of which there are over a dozen, is very limited. 
The magenta species may give ivory-white and 
the scarlet species yellow varieties. Dahlia varia- 
bilis, the garden dahlia, combines the pigments 
of the two groups. It also has twice as many 
chromosomes—sixty-four instead of thirty-two— 
and experiments convincingly led to the conclusion 
that D. variabilis, with its wide range of colour 
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and form and great increase in flower size, arose 
from hybridization and chromosome doubling 
between species in the magenta group and species 
in the scarlet group. 

Figure 5 shows the blackberry Merton Thorn- 
less. Its great-grandmother, from which its thorn- 
less character was derived, was Rubus rusticanus 
inermis. Its great-grandfather was ‘R. thyrsiger, a 
native of Devon. R. rusticanus is the common 
hedgerow blackberry of southern England, though 
its thornless form is rare. Merton Thornless is 
more vigorous, and has much larger fruits and 
twice as many chromosomes as its thornless 
ancestor (Crane, 1938). 

Brassica oleracea—the cabbage, brussels sprouts, 
and cauliflower group of Brassica—has eighteen 
chromosomes. B. rapa, the turnip group, has 
twenty. The swede (B. napo-brassica) and the 
vigorous kale group (B. rapa-oleracea) have thirty- 
eight (Thomas and Crane, 1942). The latter are 
composed of double hybrids from the other two— 
and so we could go on with our story and show 
how many more trees and plants, including our 
bread-wheats and oats, have originated in a 
similar way, how they excel their ancestors, and 
how these occasional ‘accidents’ in the course of 
reproduction have bestowed enormous benefits on 
mankind. 

The crossing of distantly related plants has been 
done ever since the discovery of sex in plants, in 
order to bring desirable characters together. This 
is not difficult, but like the cherry-plum x sloe 
crosses, the hybrids thus created are usually 
sterile and hence of little value. In the past we 
have had to await the rather rare ‘accident’ of 
spontaneous chromosome doubling for the restora- 
tion of fertility and the production of desirable 
new forms. It is at this point, by providing the 
plant-breeder with new tools with which he can 
induce ‘accidents’ of this kind at will, that science 
is now directly lending a hand. One such new 
tool, amongst others, is the discovery in America 
about five years ago that the drug colchicine, 
when suitably applied to plants, will induce 
chromosome doubling. In this way already a 
number of sterile species hybrids have been made 
fertile. More recently, in Russia, it has been 
found that acenaphthene can be used for the same 
purpose. 

Already in America it is possible to buy seeds 
of plants with double the normal number of 
chromosomes, the result of colchicine technique, 
and with more experience and adjustment of 
the technique to suit particular plants, it seems 


safe to predict that we shall soon have further 
races of improved economic plants, which in time 
will displace many of those now cultivated, 
Figure 6 shows a normal thirty-four-chromosome 
cell from a growing point of the apple Heusgen’s 
Golden Reinette, and a cell of the same variety 
after treatment with colchicine, with sixty-eight 
chromosomes. 

Genetical science is also showing the way to get 
better crops from the forest, farm, and garden 
plants we already have in cultivation. When two 
in-bred strains or varieties of plants are crossed 
together it commonly happens that the first 
hybrid generation is more vigorous than either of 
its parents. Such increased vigour is often accom- 
panied by a higher yield and other economic 
advantages, and in plants so diverse as maize and 
forest trees this hybrid vigour has been turned to 
great profit. In maize it has been utilized in 
America on a gigantic scale, and a number of 
hybrid strains have been introduced for general 
cultivation both from experimental stations and 
from commercial seed companies. In addition to 
giving great increases in yield, hybrid generations 
have been found which are more uniform, and 
more able to withstand drought, wind, diseases, 
and other unfavourable conditions, than the best 
standard varieties; as a consequence the acreage 
of hybrid maize grown in America has doubled 
or trebled every year during the past few years, 
and in 1939 over 20,000,000 acres were planted 
with hybrid seed. Though the old kinds have to 
be retained, this type of maize, raised anew each 
year from controlled crossing, is therefore rapidly 
displacing the older standard kinds in cultivation. 

Though naturally slower, the utilization of 
hybrid vigour in forest trees has given decisive 
results in America and Sweden. The Forestry 
Commission in Great Britain has a £41,000,000 
post-war plan which will no doubt include 
breeding investigations. 

There is an entirely different way in which we 
are improving the productivity of our orchards. 
Our fruit trees are all propagated by grafting, and 
all the trees of each variety are therefore parts of 
one individual. Most of them are self-sterile, and 
many inter-sterile (see figure 7). For example, 
varieties in the sweet cherries fall into groups 
within which all pollinations between the different 
varieties are useless (Crane and Brown, 1937). 
This behaviour is controlled by less than a dozen 
genes, and if acrop is to be obtained it is necessary 
to follow the fertility rules they dictate, by 
planting suitable inter-fertile varieties together. 
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The aether: past and present 


E. T. WHITTAKER 





Space devoid of matter can still transmit gravitational and electromagnetic forces, a fact 
from which it is natural though perhaps philosophically artless to assume a medium of 
transmission—the aether. Professor Whittaker shows that all theories of the constitution of 
the aether are unsatisfactory, but that this negative knowledge is not without its value. 





By means of the modern diffusion pumps it is 
possible to obtain in the laboratory a ‘vacuum’ 
with a pressure of 10-12 atmospheres or even less, 
that is, a condition in which there are only about 
3:10? molecules per cubic centimetre of air. In 
interstellar space the rarefaction is of a much 
higher order—perhaps one atom or molecule per 
cubic centimetre, and in some regions of the 
universe still fewer. But however far exhaustion 
may be carried, and even if every atom of matter 
could be removed from a region of cosmic size, 
we have every reason to believe that we should 
never obtain mere non-entity. Space has at all 
times and everywhere the properties of being able 
to transmit gravitational and electromagnetic 
forces, and of supporting the propagation of light; 
and these properties seem to imply that, however 
extreme the vacuity, there is always still something 
there. 

What is this something? It has at any rate a 
name: it is called the aether. Innumerable consti- 
tutions have been proposed for it, but the net 
result of twenty-five centuries of natural philo- 
sophy has been to discredit every one of them. 
However, negative knowledge—what the aether 
cannot be—is not without its value, since it 
narrows and clarifies the field for investigation in 
the future. 

The first conjecture we can make is that in 
addition to the molecules of matter and protons 
and neutrons and mesons and electrons that we 
know about, the universe contains vast numbers 
of other particles, hitherto unrecognized by physi- 
cal tests: particles much smaller than atoms, or 
even than electrons, and capable of passing freely 
through ordinary solid matter. Obviously the 
processes so far devised for obtaining a vacuum 
by exhaustion, although they remove the material 
molecules, would not remove these other particles. 
An analogy may be drawn from bacteriology, 
where in addition to the bacteria which can be 
detected by the microscope, there are viruses 


which cannot be identified in this way and which 
pass readily through filters. 

Now it is a fact that within recent years some 
fairly strong evidence for the existence of un- 
perceived particles has become available. In the 
B-ray disintegration of a radio-active substance, 
it is found that the B-particles emitted by different 
atoms of a given element are emitted with 
energies varying over a considerable range, in 
contrast with the a-radiation, for which the 
a-particles always possess fixed energies. For 
every B-radiation there is a definite maximum 
energy for the B-particles, but the velocity of a 
particle may have any value less than that which 
corresponds to this energy: the B-radiation has a 
continuous spectrum. 

This well-attested fact of observation creates 
difficulties with regard to the conservation of 
energy; for the atomic nuclei from which the 
B-rays are expelled can exist only in discrete 
fixed states, and it would seem, therefore, as if 
the atom and 6-particle together after emission 
cannot in all cases have an energy equal to that 
of the atom before emission. The conservation 
law does in fact hold only for the upper limit of the 
B-spectrum. Pauli in 1931 proposed to overcome 
this difficulty by postulating the existence of a 
new kind of particle, the neutrino, having (i) no 
charge, (ii) a small or zero proper-mass, and (iii) 
a spin angular-momentum of } #!. The neutrino is 
emitted at the same time as the B-particle, and 
carries away energy and momentum in such 
amounts as to ensure that the conservation laws 
are satisfied in the whole process. The neutrino- 
radiation, by reason of its enormous penetrating 
power, would be very difficult to detect observa- 
tionally. 

Further evidence for the existence of the neu- 
trino in the B-emission is furnished by the principle 
of conservation of angular momentum (which 





Lh is = , where h is Planck’s ‘quantum of action.’ 


117 





ENDEAVOUR 


The aether: past and present 





requires that another particle must be emitted at 
the same time as the electron, and that this particle 
must have spin } f), and by experimental deter- 
minations of the recoil of the nucleus, from which 
it appears that the laws of momentum as well as 
those of energy indicate the presence of a third 
particle in the process. 

The neutrino plays a considerable part in the 
recent theory of the meson, and has been invoked 
by astrophysicists in order to explain the phe- 
nomena of ‘new’ stars. Though still unobserved, 
it is now generally accepted as one of the cle- 
mentary particles of the universe. 

This recently acquired piece of knowledge in- 
vests with some interest one of the oldest aether 
theories, namely Le Sage’s theory of ultra-mundane 
corpuscles. Le Sage, a French Swiss, whose life 
extended over most of the eighteenth century, 
devoted sixty-three years to perfecting an expla- 
nation of gravitation. He supposed an infinite 
number of very small corpuscles, like neutrinos, 
to be moving in space in all directions with 
exceedingly great velocity, being so sparsely dis- 
tributed (that is to say their diameters are so small 
relatively to their mean mutual distances) that 
not more than one out of every hundred of them 
meets another corpuscle during millions of years. 
If only a single particle of ordinary matter existed 
in the universe, it would remain at rest, since the 
momenta communicated to it by the corpuscles 
would be equal in all directions. But two particles 
of ordinary matter would to some extent screen 
each other, each particle receiving fewer impacts 
on the side facing the other than on the reverse 
side. The two particles would therefore be im- 
pelled towards each other with a force which, as 
Le Sage showed, would vary inversely as the 
square of their mutual distance. 

Gravitation is, however, only one of the types 
of action which seem to require an aether for 
their explanation; and even before the discovery 
of the Newtonian law aethers had been devised 
to account for the propagation of light. In the 
Diopirique of Descartes, which was published in 
1638, interplanetary space is supposed to be 
occupied by a closely packed assemblage of very 
small globules, which are pressed in contact with 
each other, the transmission of this pressure 
constituting light. Vision is thus compared to the 
perception of the presence of objects which a 
blind man obtains by the transmission of pressure 
along his stick from an object to his hand. This 
conception was rejected in Hooke’s Micrographia, 
which was published in 1667, in favour of the 
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hypothesis that the condition associated with r 
emission of light by a luminous body is a rap 


vibratory motion of very small amplitude whid 


excites vibrations in an aether. Newton, as 


well known, was impressed by the difficulty | 


reconciling a theory of aethereal vibrations 


the rectilinear propagation and polarization pr 
perties of light; and he put forward conjectural 
(though with hesitation) the supposition that r 
of light are streams of corpuscles emitted & 
luminous bodies, while at the same timeheretaing 


Hooke’s doctrine that the actual emission of th 
rays is due to a violent motion of an aether in th 


incandescent substance. 


Those natural philosophers of the seventeent] 
and eighteenth centuries who adhered to th 


wave theory of light generally assimilated it to 


propagation of sound in a gas, and were incling 


to picture the aether as a kind of gas permeati 


® 


all bodies and filling interplanetary space. Bu 


for the vibrations of sound in air, the direction @ 
vibration is the same as that of propagation 


whereas it was discovered by Thomas Young i 


1817 that the vibrations of light are executed @ 


right-angles to the direction of propagation, li 


the undulations of a cord agitated by one of it 


extremities. Thus the analogy between sound 2 


light was seen to break down in an essential fe ea 
ture. Some change in the conception of the aethe 
was therefore necessary, and this was provided i 
1821 by Fresnel, who remarked that if the medium 


was assumed to possess a rigidity, or power ¢ 
resisting attempts to distort its shape, it would f 


capable of transverse vibrations. It is by t 


possession of such a power that solid bodies am 


distinguished from fluids, which offer no resistant 


to distortion; and the idea of Young and Fresné 


may therefore be expressed by the simple staté 


ment that the aether behaves as an elastic solid. Thi 


new hypothesis regarding the nature of th 
luminiferous medium provided the backgro 7 


of physics for the next half-century. 
Some difficulties in the theory presented them 


selves immediately. If the aether has the qualitié 
of a solid and permeates all space, how is it tha 
we do not directly perceive it? And how are t 


planets in their orbital motions able to tra 


through it at immense speeds without encountel 
ing any perceptible resistance? A conjecturé 
answer to this was made by Sir George Stokes 


who remarked that such substances as pitch am 


shoemaker’s wax, though so rigid as to be capable 
of elastic vibration, are yet sufficiently plastic @ 
permit other bodies to pass slowly through them 
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me aether, he suggested, might have this combin- 
Sion of qualities in @n extreme degree, behaving 
me an elastic solid for vibrations as rapid as those 
light, but yielding like a fluid to the much 
wer progressive motions of the planets. 
sAnother difficulty is that while elastic solids 
pvide the transverse waves which are necessary 
the representation of light, they also admit of 
Sngitudinal waves; an@it seemed impossible to 
ep the two completely apart, for when a trans- 
Erse wave is incident on an interface separating 
0 media, it gives rise in general to reflected and 
Biracted waves of both the transverse and the 
Ngitudinal types. However, if Stokes’ idea is 
brrect, some approach to an explanation is pro- 
aided by the circumstance that the ratio of the 
Blocity. of propagation of longitudinal waves to 
at of transverse waves incfeases rapidly as the 
iedium becomes softer and more plastic, so that 
ha Stokesian aether the former velocity might 
© infinite and the longitudinal waves un- 
ervable. 
In the forty years following the discovery of 
fansversality, a great number of papers were 
fitten with the aim of harmonizing the observed 
foperties of light with the theoretical behaviour 
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of waves in elastic solids of various types. Many 
alternative possibilities were open, e.g. it might 
be assumed that the vibrations of the aether were 
executed either parallel to the plane of polariza- 
tion of the light or at right-angles to it; and that 
the different refractive powers of different media 
were due either to differences in the inertia of the 
aether within the media or to differences in its 
elasticity, or to both these causes combined. More- 
over, the longitudinal waves might be abolished 
either by supposing their velocity to be infinite or 
by supposing it to be zero. No combination of 
these assumptions proved completely satisfactory; 
but in 1839 MacCullagh of Dublin proposed a 
new type of elastic solid, in which the potential 
energy depended only on the rotation of the volume 
elements (in an ordinary elastic solid it depends 
on their change of size and shape). The pro- 
perties of this aether corresponded exactly with 
the known behaviour of light. There was some 
reluctance to accept MacCullagh’s scheme, on 
the ground that no body endowed with the 
qualities postulated was found in nature; and this 
objection was not removed until half a century 
afterwards, when William Thomson (Lord Kelvin) 
designed a model composed of spheres, bars, caps, 


G. F. FitzGerald 
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and flywheels which possessed exactly the rota- 
tional elasticity of MacCullagh’s elastic solid. 

The development of the theory we have 
sketched, during the first half of the nineteenth 
century, was almost entirely directed towards the 
construction of an aether which should account 
for the propagation of light. But there are other 
physical effects which can be transmitted through 
a so-called vacuum; 
and as early as 1800 
Young had remarked: 
‘whether the electric 
ether is to be con- 
sidered the same with 
the luminous ether, if 
such a fluid exists, may 
perhaps at some future 
time be discovered by 
experiment.’ Fifty years 
later, Faraday wrote: 
‘It is not at all unlikely 
that if there be an 
aether, it should have 
other uses than simply 
the conveyance of radi- 
ation.” In the second 
half of the century, the 
aim was to design a 
medium capable of ac- 
counting not only for 
light but for gravita- 
tion, electricity, and 
magnetism. 

Some attempts had 
been made indepen- 
dently to invent aethers 
suitable for the repre- 
sentation of gravitational and electromagnetic 
forces. When the problem was approached from 
this side, however, the most satisfactory kind 
of medium was found to be not a solid but a 
liquid. The Norse physicist C. A. Bjerknes 
studied the motion of a liquid in which is 
immersed a sphere capable of regular pulsation 
(change of volume), and showed that two such 
spheres, immersed in the same liquid and 
pulsating in unison, would, by the mediation 
of the liquid, exert on each other an attraction 
obeying the inverse square law which is charac- 
teristic both of gravitation and of electricity. 
A model due to William Thomson, showing 
how the forces between bar magnets can be 
imitated by actions propagated in a medium, 
also depends on a liquid aether. 


Fames Clerk Maxwell 


The electromagnetic theory of Maxwell, whi 
was promulgated in 1861-62, showed, in @ 
words of its author, that ‘light consists in & 
transverse undulations of the same mediui 
which is the cause of electric and magne 
phenomena’; and from this time on, the pri 
aim of aether inventors was to represent f 
electromagnetic field. For this purpose the 
found it desirable 4 
combine the qualiti 
of the solid and liqui 
aethers, which was dom 
in an ingenious way § 
postulating as the 
mate physical realityg 
incompressible  liqui 
but supposing it to 
thickly populated wit 
vortex-filaments, whi¢ 
so to speak, reinforg 
it and confer on it} 
quasi-rigidity. A modf 
of this type which 
devised by W. Thoms¢ 
and FitzGerald exhib 
ted in a most remafi 
able way all the funds 
mental actions of clasg 
cal physics. ; 

The solid and liqui 
aethers of the nineteen 
century had one featul 
which in the end provg 
fatal to them—nameél 
that the phrase ‘veloc# 
relative to the aethe 
had a meaning, and col 
sequently they were bound up with the doctrig 
that it is possible to define absolute velocity 1 
space. With the advent of the theory of relativil 
in 1905, this doctrine was seen to be erroneow 
and the search for a quasi-material aether cam 
to an end. The curvature of space-time, which! 
some extent takes the place of an aether in tf 
scheme of general relativity, belongs to a differet 
order of ideas. q 

In any case, some modern philosophers woul 
say that the physicists’ notion, that an aether 
necessary in order to account for phenomel 
which take place in a vacuum, is based on fa 
metaphysics. A predicate need not have asubje@ 
if undulations are taking place, we are not entitle 
to infer the existence of some thing that is p el 
forming them. But that is another story. 
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CHROMATOGRAPHY 


inciples and Practice of Chromato- 

aphy, by L. Zechmeister and L.. Cholnoky. 

ated from the second and enlarged 

an edition by A. L. Bacharach and 

‘A. Robinson. Foreword by I. M. Heil- 

Pp. xv + 378. Chapman & Hall 
mited, London. 1943. 25s. net. 


The pioneering experiment of Tswett 
906 remained more or less neglected 
fil 1931, when his adsorption columns 
successfully employed by Kuhn 
@ others in their work on polyene 
ments. Since that time progress has 
bn extremely rapid and an excellent 
sount of the subject has been given 
German by two well-known workers 
this field, Zechmeister and Cholnoky. 
translation by Bacharach and 
Bbinson has been well done and will 
particularly welcome to British 
entific workers. 
Chapter I deals with the scope of 
fomatographic analysis; this covers 
testing of the homogeneity of a 
bstance, establishing the possible 
intity of two substances, concentra- 
in from great dilutions, separation of 
es and of some stereo-isomerides, 
fification, and the identification and 
mtrol of commercial products. The 
tntials of the technique of the 
thod are discussed in Chapter II: 
pod account is given of adsorption 
fia, solvents, eluents, apparatus 
cluding that for micro-chromato- 
Bphy), formation of column, de- 
bpment and extrusion. The chroma- 
raphic separation of colourless sub- 
mces by the use of chemical trans- 
fMmation into coloured substances, 
ultra-violet light, by indicators, 
# by colour reactions is also de- 
bed. The remaining chapters are 
Woted to the successful application of 
® method to naturally occurring pig- 
ents (chlorophyll, haemin, porphy- 
bile-pigments, carotenoids, flavine, 
srins and anthocyanins), to synthetic 
sstuffs, to colourless and faintly 
Dured substances (including ter- 
polycyclic aromatic hydro- 
fbons, sterols and bile-acids, sapo- 
Bins, alkaloids, vitamins, hormones, 
M@ enzymes), to technology (tannin 
facts, butter, drugs, and galenicals), 
i to inorganic chemistry (separation 
cations and anions, and purification 
Hmorganic substances). 
m@he book is well provided with dia- 
ims and photographs: a notable 
ture is the numerous clear graphical 


aes, 


formulae of complex organic sub- 
stances. A comprehensive bibliography 
to the summer of 1938 is incorporated; 
this has been extended by the trans- 
lators to 1941. 

The volume should make a par- 
ticular appeal to organic chemists and 
biochemists, but doubtless many other 
scientists, including industrial chemists, 
will find much of interest in its pages. 

A. 1. VOGEL 


COMPLEX POLYMERIC SUBSTANCES 


High Polymers. A Series of Mono-- 


graphs on the Chemistry, Physics, and 
Technology of High Polymeric Sub- 
stances, edited by R. E. Burk, H. Mark, 
and G. S. Whitby. 4 vols. Pp. xix + 459; 
x + 345; xiti + 476; xviii + 690. Inter- 
science Publishers Inc., New York; Imperia 
Book Company Limited, London. 1940-42. 
$8.50; $6.50; $6.50; $11.00. 

A perusal of the volumes under re- 
view might lead to the question: What 
is there that is not a high polymer?— 
for the term is no longer restricted to 
amorphous substances, often called col- 
loidal, but to crystalline materials like 
the silicates. The general reason for 
the appearance of a comprehensive 
survey of high polymers is the signifi- 
cant advance which has been made in 
synthesizing high polymers, and in 
understanding the mechanism of that 
synthesis and the structure of the pro- 
ducts resulting therefrom. The clarifi- 
cation of ideas has had its repercussions 
in elucidating the behaviour of many 
of the naturally occurring high poly- 
mers which had hitherto appeared to 
lie outside the systematic framework of 
chemistry. Some of the rigid views 
held about the nature of molecules 
have had to be drastically reviewed in 
the light of that knowledge, but this 
has not led to the subject becoming 
any less exact than that of other 
branches of chemistry. 

A tribute to a leader in this new 
branch of chemistry is paid by pub- 
lishing the collected works of the late 
W. H. Carothers in the first volume. 
It is difficult to realize that so much 
was accomplished in these few years of 
intense activity. Physical chemistry is 
so bound up with advances in high 
polymers that the editors wisely de- 
cided to devote Volume 2 to the funda- 
mentals required for a proper under- 
standing of the subject. This logically 
leads to Volume 3, in which the de- 
tailed mechanism of synthesis is dis- 
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cussed. Here again a relevant review 
of chemical kinetics provides a firm 
background for the study of the re- 
mainder of the book. In Volume 4 we 
find the most comprehensive survey yet 
offered of polymers inorganic and or- 
ganic, crystalline and amorphous, 
natural and synthetic. Such a survey 
cannot but impress the reader with the 
almost universal appearance of these 
substances in every branch. of chem- 
istry. The names of the authors are 
an adequate guarantee that a high ~ 
level is reached in this invaluable work. 
H. W. MELVILLE 


AN INTRODUCTION TO IMMUNOLOGY 


Fundamentals of Immunology, by 
William C. Boyd. Pp. xiv + 446. Inter- 
science Publishers Inc., New York; Imperia 
Book Company Limited, London. 1943. 
$5.50 net. 


This work is designed to serve as an 
introduction to immunology for chem- 
ists and biologists. The subject is 
presented in a simple literary style and 
with almost complete abandonment of 
the historical approach. The import- 
ance of chemistry for immunology re- 
ceives prominence in systematic ac- 
counts of the conjugated antigens and 
the influence of constitution on sero- 
logical specificity therein. Turning to 
subjects preponderantly biological, we 
find good accounts of antibody forma- 
tion, anaphylaxis, immunity to bacteria 
and viruses, and the significance of 
serological methods for comparative 
zoology. As would be expected from 
the author’s interests, the most authori- 
tative section is that dealing with 
antigen-antibody reactions. Documen- 

tation throughout is excellent, and 
includes notice of the relevant papers 
of 1941-42, e.g. Pauling’s claim to have 
produced antibody-like properties in 
proteins in vitro, and the discovery that 
erythroblastosis foetalis is frequently due 
to incompatibility in respect of the Rh 
antigen. 

The development of immunology as 
an applied science has largely pre- 
vented its fundamentals from exerting 
their proper influence on biology as a 
whole. There is need, it follows, for 
interpretation of these conceptions and 
their synthesis with those from other 
disciplines. From this viewpoint the 
ideal text remains to be written, but 
Professor Boyd’s book goes at least a 
part of the way as a modern exposition 
of the basic principles. 
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ATOMISTICS 
AND THERMO-DYNAMICS 

A Treatise on Physical Chemistry. 
Edited by Hugh S. Taylor and Samuel 
Glasstone. Third Edition in Five Volumes. 
Volume I, Atomistics and Thermodynamics. 
Pp. vii + 679, with numerous diagrams. 
Macmillan & Co. Limited, London. 42s. net. 
This co-operative effort of a group 
of physical chemists, in which the sub- 
ject of physical chemistry is developed 
from comparatively simple beginnings 
up to the furthest outposts of know- 
ledge, will be welcomed alike by 
research workers and teachers of physi- 
cal chemistry. There are chapters on 
the atomic concept of matter, the 
quantum theory of atomic spectra and 
atomic structure, the first and second 
laws of thermodynamics, and the third 
law of thermodynamics and statistical 
mechanics, in which the old and the 
new are embodied in a coherent doc- 
trine. In each generation, a new 
synthesis is required of the borderland 
between physics and chemistry, which 
is achieved in part by physico-chemical 
researches and in part by comprehen- 
sive treatises. The thoughtful sections 
on the third law of thermodynamics 
and on the quantum theory provide 
good examples of the operation of the 
latter process. In the main, we are 
dependent on the initiative of indivi- 
duals for the co-ordination of know- 
ledge and we are grateful to the 

editors of the present volume. 
WwW. E. GARNER 


NUMERICAL BIOLOGY 
Statistical Analysis in Biology, by K. 
Mather. Pp. 247, with 9 diagrams. 
Methuen & Co. Limited, London. 1943. 
16s. net. 


Dr Mather is a member of the 
halieutic! school of statistical biologists, 
and has applied Professor Fisher’s 
methods to a variety of problems, 
mainly genetical. His book will be of 
real value to the increasing number of 
biologists who are, often reluctantly, 
being forced to use statistical methods. 
The examples are in many cases more 
fully worked out than those in Professor 
Fisher’s own books, though no attempt 
is made to prove the validity of the 
methods used. However, their inter- 
relations are clearly set out. 

Among the subjects treated are tests 
of significance, the analysis of variance, 
the planning of experiments, correla- 
tion and regression, tests for homo- 
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geneity, and the estimation of para- 
meters. Among the subjects not con- 
sidered in any detail are the biological 
assay of drugs, vitamins, and the like, 
life tables, the estimation of population 
numbers by trapping and release, the 
laws of growth, and the theories of 
population change which are gradually 
concretizing and modifying the Dar- 
winian theory of natural selection. 
These could hardly have been dealt 
with in a book of this size. But they 
are all important. In fact, a book 
which dealt even cursorily with all the 
fundamental applications of statistics 
to biology would be very large. Let us 
hope that such a book will be written 
as soon as more paper is available. 
Meanwhile Dr Mather’s book will un- 
doubtedly prove useful in many bio- 
logical laboratories. 

J- B. 8. HALDANE 


THE TESTING OF FUELS 


Fuel Testing, by G. W. Himus. Pp. xvi + 
288. Leonard Hill Limited, London. 1942. 
21s. net. 


The conditions brought about by the 
war have emphasized the need for 
economy of fuel and have also re- 
tricted the availability of various types 
and grades of fuel. In these circum- 
stances the appearance of a second 
edition of the book under review is 
most opportune. The same general 
plan has been followed as in the case 
of the first edition published in March 
1932, and the methods for sampling 
and for carrying out the various 
physical and analytical determinations 
are based upon the recommendations 
of the British Standards Institution, the 
Fuel Research Board, and the Institute 
of Petroleum. It may be mentioned 
here that while specifications, such as 
those referred to above, are drawn up, 
quite properly, with a minimum of 
discussion on general. principles, Dr 
Himus has successfully dealt with the 
principles in sufficient detail while still 
adhering to the spirit of the specifica- 
tions. 

In the first edition there was a chap- 
ter on the classification of coal. This 
has been omitted in the present one, 
but there is an important addition 


‘consisting of an excellent chapter on 


combustion calculations which should 
be of particular use at the present time. 

The text is illustrated by fifty-nine 
diagrams, including four plates, and 
the book should be of considerable 
assistance to those concerned with fuel 
problems, ARTHUR MARSDEN 
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CONTROL OF INSECT PESTS. 
The Biological Control of Insects, 
Hugh Nicol. Pp. 174. A Pelican B 
published by Penguin Books Limited, 
and New York. 1943. 9d. net. ; 

The theory and practice of the } 
logical control of insect pests forms 
attractive chapter in applied scie 
For the general reader accoun 
what has been done, and is still t 
done, in this field are very few a 
technical publications. Dr Nicol’s be 
is the story of a man’s attempts, 
means of living organisms, to creaij 
state of biological equilibrium betws 
plants and their environment. He 
brought together much of the a’ 
information on the subject and we 
it into a very readable book. Writ 
in a style free from undue technical 
it can be commended as presenting 
reliable picture of the whole subjec 


A MODERN UTOPIA 

An Unknown Land, dy Viscount 
Pp. 221. George Allen & Unwin Li 
London. 1942. 12s. 6d. net. 

Viscount Samuel’s book might’ 
called ‘The New Atlantis Revisit 
for it is a thought-provoking and 
vigorating description of the pre 
condition of Francis Bacon’s Utopi 
island of Bensalem, hidden away in| 
remote Southern Pacific. Here weg 
a highly cultured people who f 
eliminated, inter alia, taxation, @ 
rency, banks, and bills; charges’ 
water, electricity, and other sery 
and commodities; police, judges, am 
lawyers; disease, poverty, and wea 
slums and the struggle for existe 
weeds and hedging; handk 
keys, and watches; tobacco, coal, | 
and rubber; and—perhaps most sigh 
cant of all—foreign relations and ¥ 
The Bensals are indeed the wol 
most complete and successful is 
tionists. Their economic system, b 
upon free and unlimited sub-atol 
energy, is co-operative and.not © 
petitive; but they find an outlet for 
spirit of emulation in cultural act 
ties. The practical details of the li 
this ideal community, as well as # 
conceptions of philosophy, science, # 
religion, are worked out in surprig 
detail. Clearly a product of much} 
quiry and original reflection, this b¢ 
should be a powerful stimulant) 
planners of a ‘brave new world’ int 
epoch of rapid change. 
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